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7TDEOH RI &RQWHQWYV 1]
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/ILVW RI )LIXUHYV A£11]]
ILVW RI 7TDEOHYV £ A ]
*ORVVDU\ A AT
'"HFODUDWLRQ El1AE
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ORWLYDWLRQ

SUREOHP 6WDWHPHQW
S5DWLRQDOH
*DS RI .QRZOHGJH

5HVHDUFK 2EMHFWLYHYV

+\SRWKHVLV

6FRSH RI 5SHVHDUFK

5HVHDUFK OHWKRGRORJ\

7TKHVLV 2XWORRN DQG 6WUXFWXUH

3DU BQH [(WHUDWHWIHHDZQ GBX SSRU WBMX GLHV

/,7(5$785( 5(9,(:
,QWURGXFWLRQ
'"HVLJQ OHWKRGRORJ\
'"HVLJQ DQG 2SWLPLVDWLRQ OHWKRGYV IRU (QJLQHHULQJ 6\
*$ LQ 2SWLPLVDWLRQ
*$ LQ (QJLQHHULQJ 'HVLJQ RI 6\WWHPV DQG 5RERWYV
$OWHUQDWLYH 2SWLPLVDWLRQ 7RROV DQG OHWKRGYV
6XPPDU\ RI WKH /LWHUDWXUH 6XUYH\

(1*,1((5,1* '(6,*1 )5%$0(:25.

,QWURGXFWLRQ
3KDVHV Rl (QJLQHHULQJ 'HVLJQ
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&ODULILFDWLRQ RI 7DVNV DQG OHWKRGV ZLWKLQ (DFK 3KLC
6SHFLILFDWLRQ 'HYHORSPHQW DQG 30DQQLQJ
8QGHUVWDQGLQJ WKH 'HVLJQ 3UREOHP
3URMHFW 30DQQLQJ
&RQFHSWXDO 'HVLJQ &RQFHSW *HQHUDWLRQ
(YDOXDWLRQ DQG 5HILQHPHQW Rl &RQFHSWYV
(PERGLPHQW RU 3URGXFW 'HVLJQ
6XPPDU\

%(1&+0%$5. /,%5%$5< 2) 7$5*(7 $5($6 21 67 ((/ %5,'*(6
,QWURGXFWLRQ
BWHHO %ULGJH ORGHO
7\SHV Rl BWHHO %ULGJHV XQGHU ,QYHVWLJDWLRQ
$UHDV ORVWO\ $IIHFWHG DQG 6WDQGDUG 5HPHGLDO OF
0DLQ 6WUXFWXUH DQG 6WHHO 6XUIDFHV
%HDULQJV DQG ([SDQVLRQ -RLQWYV
3DUDSHWYV
:DWHUSURRI OHPEUDQHV DQG 5RDG 6XUIDFLQJ
BWHHO 'HENV
&RPPRQ 3UREOHPV $UHD *HRPHWULHV IRU 9DULHW\ RI
%HQFKPDUN /LEUDU\
6XPPDU\

,163(&7,21 $1' 5(6725%$7,21 7(&+12/2*<
,QWURGXFWLRQ
1'7 7TRROV DQG 7HFKQLTXHYV
9LVXDO OHWKRGYV
JLTXLG 3HQHWUDQWYV 7HVWYV
5DGLRJUDSKLF 7HVWLQJ 57
&RPSXWHU 7RPRJUDSK\ &7
BOWUDVRQLF 7THVWLQJ 87
&DOLEUDWLRQ
5HFHQW 'HYHORSPHQWYV LQ 80OWUDVRQLF 7HVWLQJ
(OHFWURPDJQHWLF OHWKRGYV
ODJQHWLF )OX[ /HDNDJH ODJQHWLF )LHOG
(GG\ &XUUHQWYV
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$FRXVWLF (PLVVLRQ $(
1RQ HVWDEOLVKHG OHWKRGV DQG 7HFKQLTXHYV
(OHFWURFKHPLFDO 3RWHQWLDO DQG 5HVLVWDQFH
,QIUD UHG 7KHUPRJUDSK\
$XWRPDWLRQ 3RWHQWLDO $VVHVVPHQW RI 1'7 LQ ,QVS
5HOLDELOLW\ RI 1'7
&RVW RI 1'7
5HVWRUDWLRQ OHWKRGV DQG (TXLSPHQW
1'7 )LHOG 7RROV
$VVHVVPHQW RI $XWRPDWLRQ 3RWHQWLDO
&ULWLFDO 5HYLHZ Rl &RPPHUFLDOO\ $YDLODEOH 5RERWLF
,QVSHFWLRQ DQG 5HVWRUDWLRQ
$XWRPDWLRQ IRU %ULGJHV
6XPPDU\

(1$%/,1* 7(&+12/2*,(6
,QWURGXFWLRQ
3ULPDU\ $FFHVV OHWKRGYV
$GG RQ &RQFHSWV IRU $XWRPDWLRQ
([LVWLQJ ODQLSXODWRUYV
6XPPDU\

3BUWZR 'HYHO RSPRIQQ&WL PLVD $8lRUQR DIFR G $

$sSsSOL FD WLWIQ (Q)UDPHZRU N

52%27 6 02'(/ $1' )5$0(:25. )25 237,0,6%$7,21
,QWURGXFWLRQ
'"HVLJQ 3RVLWLRQLQJ ZLWKLQ (' 3URFHVV
3DUDPHWHUV DQG &ULWHULD &ODVVLILFDWLRQ 2XWOLQH
7RZDUGVY D 3URWRW\SH
&DVH 6WXG\ ORGHO IRU 2SWLPLVDWLRQ
&ROOLVLRQ DQG $UP 6LQJIJXODULW\ $YRLGDQFH
3HUFHQWDJH RI &RYHUDJH
'"H[WHULW\ $VVHVVPHQW DQG ODQLSXODWRU 6LQJXODU!
BURGXFWLYLW\

r]A r



6 XPPDU\

$33/,&%$7,21 2) *(1(7,& $/*25,7+06 72 &$6( 678'< 02'(/
,QWURGXFWLRQ
-XVWLILFDWLRQ RI *$ &KRLFH DV 2SWLPLVDWLRQ 7RRO
$SSURDFK WR *$ $QDO\VLV
6WDJH 2QH
6WDJH 7ZR
ORGHO 5HSUHVHQWDWLRQ
&RGLQJ Rl WKH 5HSUHVHQWDWLRQ LQ 6WDJH 2QH
6WDJH 2QH &KURPRVRPH &RQWHQWYV
&RGLQJ Rl WKH 5HSUHVHQWDWLRQ LQ 6WDJH 7ZR
6WDJH 7ZR &KURPRVRPH &RQWHQWYV
(YDOXDWLRQ DQG )LWQHVYV
2EMHFWLYH )XQFWLRQV
OXOWLSOH 2EMHFWLYHV
JLUVW 6WDJH (YDOXDWLRQ
6HFRQG 6WDJH (YDOXDWLRQ
&RPSXWLQJ 7RRO 'HYHORSPHQW
5RERW 6LPXODWLRQ 6RIWZDUH
6XPPDU\

3DU WKU HH BIVHDUFI¥ U LILFD WIS®PQHPHQ W D WL RQ

([SHULPHQWG®GR QFO XVLRQV

*$ $/*25,7+0 9(5,),&%$7,21
,QWURGXFWLRQ
$SSURDFK WR OHWKRG 9HULILFDWLRQ
03,5 2ULJLQDO 'HVLJQ 2SWLPLVDWLRQ $SSURDFK
03,5 2SWLPLVDWLRQ 9HULILFDWLRQ XVLQJ *$ ORGHO
6XPPDU\ Rl 9HULILFDWLRQ 3URFHGXUH XVLQJ 03,5
6XPPDU\

*$ $/*25,7+0 ,03/(0(17$7,21 72 7+( &$6( 678'<
,QWURGXFWLRQ
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BROXWLRQ $OJRULWKP
(QKDQFHPHQW 7HFKQLTXHV
1LFKLQJ
OLFUR *$
5HVXOWYV RI WKH 2SWLPLVDWLRQ
&RPPHQWDU\ RQ )LUVW 6WDJH 3HUIRUPDQFH
&RPPHQWDU\ RQ 6HFRQG 6WDJH 3HUIRUPDQFH
*$ 3HUIRUPDQFH IRU ([WHQGHG 7DVN
([SHULPHQWYV
9DU\LQJ &RQWURO 3DUDPHWHUYV
3RSXODWLRQ 6L]H
5DWH DQG 7\SH RI &URVVRYHU
3HUIRUPDQFH ,QIOXHQFH Rl &UHHS OXWDWLRQ
(OLWLVP DQG *$ %HKDYLRXU
&RPSXWHU 6LPXODWLRQ *5$63 5HVXOWYV
)LQDO &RQILJXUDWLRQ ORGHOV
3RVLWLRQLQJ ZLWKLQ (' DQG ([WHQVLRQV WR 2WKHU 3KD)
&RQFOXVLRQV

&21&/86,216

2YHUYLHZ

2EMHFWLYHV (YDOXDWLRQ

+\SRWKHVLV 7HVWLQJ

$GGLWLRQDO $VSHFWV RI 2XWFRPH $VVHVVPHQW

SHFRPPHQGDWLRQ IRU )XUWKHU 6WXGLHV
)XUWKHU 7HVWLQJ
S5RERW 'HVLJQ
*$ OHWKRGRORJ\ )XUWKHU 'HYHORSPHQW
5RERW (YDOXDWLRQ OHWKRGYV
$SSOLFDWLRQ RI $GYDQFHG *$ 7THFKQLTXHV
5HGXQGDQF\ DQG &ROOLVLRQ $YRLGDQFH
/RQJ 5DQJH *RDOV

5()(5(1&(6 5
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$33(1',&(6

$SSHQGL[ $ &RUURVLRQ 7KHRU\ $
$ 7\SHV RI &RUURVLRQ $
$ OHFKDQLVPV RI &RUURVLRQ $
$ ,QLWLDWLRQ DQG 5DWH RI $WWDFN $
$ )RUPV RI &RUURVLRQ DQG 2WKHU 'HIHFWV $
$ 3LWWLQJ $
$ &UHYLFH &RUURVLRQ $
$ BWUHVV &RUURVLRQ $
$ &RUURVLRQ )DWLJIXH $
$ JUHWWLQJ &RUURVLRQ $
$ (IIHFWV Rl & RUURVLRQ ZLWKLQ WKH &RQ¥WUXFWLRQ
$ 5HVLVWDQFH WR &RUURVLRQ $
$SSHQGL[ % *HQHWLF $OJRULWKPV 7KHRU\ %
% OHFKDQLVPV RI *HQHWLF $OJRULWKPV %
% 3HUIRUPDQFH )DFWRUYV %
% 1XPHULFDO &RQWURO 3DUDPHWHUYV %
% 3RSXODWLRQ 6L]H %
% 1XPEHU Rl *HQHUDWLRQV ,WHUDWLRQW
% 1XPEHU RI 21IVSULQJ IURP (DFK ,WH®WDWLRQ
% 3UREDELOLW\ RI 6LQJOH 3RLQW DQG 8QLIRUP &
% 3UREDELOLW\ Rl 5GHSURGXFWLRQ %
% BUREDELOLW\ RI &UHHS DQG -XPS OXNDWLRQ
% 3UREDELOLW\ RI '"HFLPDWLRQ DQG 'HFLPDWLRQ
% 4XDOLWDWLYH &RQWURO 3DUDPHWHUYV %
% *HQHUDWLQJ ,QLWLDO 3RSXODWLRQ %
% BHOHFWLRQ OHFKDQLVPV %
% 'HLJKWHG 5RXOHWWH :KHHO %
% 7RXUQDPHQW 6HOHFWLRQ %
% 5DQNLQJ 6HOHFWLRQ %
% *HQLWRU RU p6WHDG\ 6WDWHY 6HO@HFWLRQ
% $SSOLFDWLRQ OHWKRG RI 5DQNLQJ 6HOHFWLR
% OHWKRG Rl 6HOHFWLQJ 6HFRQG 3DUH@W
% JLWQHVV 6FDOLQJ %
% 2YHU 6HOHFWLRQ %
% (OLWLVP %
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% 9DOXHV RI &4RQWURO 3DUDPHWHUV %

$SSHQ®@LEWHHO 6XUIDFHVY 5HVWRUDWLRQ 7RROV DQ@& 6\VWHPV
& &RPPHUFLDO 6WHHO 6XUIDFHV 5HVWRUDWLRQ &RROV
& ([LVWLQJ $XWRPDWHG DQG 3DUWLDOO\ $XWRPDEBWHG 6\VWH
$SSHQGL[ ' $0OJRULWKP '
$SSHQGL[ ( )2575%$1 DQG *5%$63 6RIWZDUH (
( J)RUWUDQ B6XEURXWLQHYV (
( )LOH 3DUDPV I (
( )RUWUDQ )LOH *D | (
( 0DLQ %RG\ RI WKH 3URJUDP IRU 6WDJH 2QH
( 6XEURXWLQHYV (
BXEURXWLQH LQSXW (
6XEURXWLQH LQLWLDO (
6XEURXWLQH QLFKH (
6XEURXWLQH VHOHFWQ (
6XEURXWLQH FURVRYU (
6XEURXWLQH PXWDWH (
6XEURXWLQH QHZJIHQ (
6XEURXWLQH JDPLFUR (
BXEURXWLQH VHOHFW (
6XEURXWLQH VKXIIOH (
6XEURXWLQH GHFRGH (
6XEURXWLQH FRGH (

6XEURXWLQH SRVVLEO (
6XEURXWLQH UHVWDUW (
6XEURXWLQH UDQ (
6XEURXWLQH IXQF (

6XEURXWLQH HYDORXW IRU553IRU 6WDJH 2QH
6XEURXWLQH HYDORXW IRUS555IRU BWDJH 2QH
( 0DLQ %RG\ RI WKH 3URJUDP IRUG6WDJH 7ZR
6XEURXWLQH HYDORXW IRUS555 IRUBWDJH 7ZR
6XEURXWLQH HYDORXW IRU553 IRUGBWDJIH 7ZR
6XEURXWLQH IXQF IRU 6WDJH 7ZR  (
( 'DWD ,QSXW )LOHV (

( ,QSXW IRU 553 IRU 6WDJH 2QH (
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( ,QSXW IRU 555 IRU 6WDJH 2QH (

( ,QSXW IRU 553 IRU 6WDJH 7ZR (

( ,QSXW IRU 555 IRU 6WDJH 7ZR (
( *5$63 ILOH IRU WKH 6HOHFWHG 8QLW :RUNFHOQD

( *5$63 ILOH IRU 553 &RQILIXUDWLRQ ZLWK )RXWY SDWK 7UDF
( *5$63 ILOH IRU 555 &RQILIXUDWLRQ ZLWK )LYH SDWK 7UDF

$SSHQGL[ ) $FURQ\PV )

$SSHQGL[ * 7DEOHV DQG )LIXUHV IURP ([WHUQDO 3DSHUV 8VHC
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$EVWUDFW

$XWRPDWLRQ DQG URERWLFVY DUH UHFHLYLQJ VLIJQLILFDQW
DQG UHVWRUDWLRQ RI VWHHO EULGJHV +RZHYHU WKH VXFFH
GHSHQGVY RQ QXPHURXV WHFKQRORJLFDO IDFWRUV 7KLV GLV\
GHVLIQ GHYHORSPHQW DQG VXEVHTXHQW LPSOHPHQWDWLR
UHVWRUDWLRQ SURFHVV SRVHV D KLJK OHYHO RI KHDOWK K
SROOXWLRQ ULVN )RU WKHVH UHDVRQV LW LV KLIJK RQ WKH
YDULHG VFDOH DQG JHRPHWU\ RI EULGJHY DUH VRPH RI WKH
WKH LQVSHFWLRQ DQG UHVWRUDWLRQ WDVNV )XUWKHU DVSH
WKH GLYHUVLW\ RI WDVNV UHTXLUHG LQ WKH DVVHVVPHQW
FRPSDWLELOLW\ EHWZHHQ WKH RSHUDWLRQDO FKDUDFWHULYV
OD\RXW DQG GLUHFWLRQ RI DSSURDFK 7KH NH\ IDFWRUV ZKI
DQDO\WLY DUH DFFHVV PRELOLW\ QDYLJDWLRQ PDQLSXODWI

,Q RUGHU WR HIILFLHQWO\ SURGXFH GHVLJQ DOWHUQDWLYH
DQG GHVLIJQHUV UHTXLUHPHQWY WKH HQJLQHHULQJ GHVLJQ
JURZLQJ FRPSOH[LW\ RI WKH UHTXLUHG GHYLFHV QHZ PHWK
QHHGHG 7KLV GLVVHUWDWLRQ SUHVHQWY D GHVLJQ PHWKRC
IXUWKHU FRQVLGHUDWLRQV 7KH DXWKRU V ZRUN FRPELQH
DVVHVVPHQW RI WKH H[LVWLQJ HQDEOLQJ WHFKQRORJLHYV
DQDO\VLYV LLL LQFRUSRUDWLRQ RI WKH LQGXVWU\ UHTXLUHEF
FULWHULD DQG LY DQ LQQRYDWLYH DSSOLFDWLRQ RI *HQHW

*$ LV XVHG DV D WRRO IRU VLPXOWDQHRXY RSWLPLVDW
SDUDPHWHUY EDVHG RQ WKH FULWHULD RI FROOLVLRQ DQG "
FRYHUDJH SURGXFWLYLW\ DQG GH[WHULW\ $QDO\VLV DQG M
LV SUHVHQWHG ZLWK WKH IRUPHU FRPELQLQJ DOO WKH SDUL
FKRVHQ FULWHULD 7KH PHWKRGRORJ\ LV WKHQ WHVWHG
FRQVWUXFWLRQ URERW 03,5 IURP 7HFKQLRQ )LQDOO\ LW
VSKHULFDO DQG DUWLFXODWHG PDQLSXODWRUYV SHUIRUPLQJ
VHOHFWHG EULGJH JHRPHWU\ PRGHO $ VHQVLWLYLW\ DQDO\
FDVH VWXG\ LQ RUGHU WR LGHQWLI\ DUHDV ZKHUH LPSURYHP

,Q JHQHUDO WKH PHWKRGRORJ\ LV VXFFHVVIXO LQ FKRR
PDQLSXODWRU DQG RSWLPLVLQJ WKH UDQJHV RI LWV NLQHI
HIWHQGHG WR RSWLPLVH RWKHU SDUDPHWHUV DFFRUGLQJ V
GRLQJ VR LW FDQ EULGJH RYHU VHYHUDO SKDVHV RI WKH H
DSSURDFK



$FNQRZOHGJHPHQWV

, ZRXOG OLNH WR WKDQN P\ VXSHUYLVRU OU 'HQLV &KDPEH
UHVHDUFK ZRUN DQG VXSSRUWLQJ PH ZLWK LQYDOXDEOH DVVLYV
WKURXJKRXW 'HQLV V LQVSLUDWLRQ SDWLHQFH DQG IULHQGVK
FRPSOHWH P\ WKHVLYV

, ZRXOG DOVR OLNH WR WKDQN P\ VHFRQG VXSHUYLVRU 'U
FULWLFDO DGYLFH DQG LQSXW LQWR WKH RYHUDOO VWUXFWXUH

O\ VSHFLDO WKDQNV DQG JUDWLWXGH JR WR 'U 5RQLH 1DYRQ
HIWHUQDO VXSHUYLVRU 'U 1DYRQ KDV LQLWLDWHG DQG JXLGH
$OJRULWKPY RSWLPLVDWLRQ DQG WKH YHULILFDWLRQ SDU
HQFRXUDJHPHQW KHOS DQG VHUHQLW\ KDYH DGGHG DQ LQYD
UHVXOWYV RI WKLY UHVHDUFK

3buw RI WKLV UHVHDUFK ZDV ILQDQFHG ZLWK WKH DLG RI |
%ULWLVK &RXQFLO DQG WKH ,VUDHO OLQLVWU\ RI 6FLHQFH DQG
JUDWHIXOO\ DFNQRZOHGJHG
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3XEOL FD WL RQ V

5HIHUHHG -RXUQDOV

1IDYRQ 5 DQG OF&UHD $ O 6HOHFWLRQ RI 2SWLPDO &RQV
*HQHWLF $0OJRULWKP -RXUQDO RI &RPSXWLQJ LQ &LYLO (QJLC(
86% S

OF&UHD $ 0 DQG 1DYRQ 5 *$ (IILFLHQF\ LQ 3DUDPHWULF
5HVWRUDWLRQ 5RERW -RXUQDO RI &RPSXWLQJ LQ &LYLO (QJl
86 WR EH VXEPLWWHG LQ 1RYHPEHU

OF&UHD $ O &KDPEHUODLQ '$ DQG 1DYRQ 5 $XWRPDW
6WHHO %ULGJHYV &ULWLFDO 5HYLHZ RI OHWKRGV DQG ([LVWL
LQ &RQVWUXFWLRQ (OVHYLHU 1HWKHUODQGYV WR EH VXEPLW

5HIHUHHG &RQIHUHQFHYV

OF&UHD $ O *$ SBHUIRUPDQFH LQ 3DUDPHWULF 6HOHFWLRQ
5RERW 3URFHHGLQJV RI WKH WK ,6$5& 3LWWVEXUJK 86%

OF&UHD $ 0 DQG 1DYRQ 5 &ERQVWUXFWLRQ 5RERW '"HYHOF
$OJRULWKP 7THFKQLTXH 3URFHHGLQJV RI WKH WK ,6$5& 7RN\

OF&UHD $0 +HDOWK 6DIHW\ DQG (QYLURQPHQWDO ,V\
ODLQWHQDQFH RI %ULGJHV 3URFHHGLQJV RI WKH WK &RQ
$SSUDLVDO 5HSDLUV DQG ODLQWHQDQFH RI %XLOGLQJV DQG 6

OF&UHD $ 0 DQG &KDPEHUODLQ "'$ "RUNHU 6DIHW\ DQ(
SBURWHFWLRQ LQ $XWRPDWHG 6WHHO %ULGJH 5HVWRUDWLRQ
:bDUuvDZ 3RODQG

OF&UHD $ O BURGXFWLYLW\ $QDO\WVLV RI %ULGJH ,QVSHFWLI
WKH WK ,6$5& %ULJKWRQ 8.
OF&UHD $ O $XWRPDWLRQ 3RWHQWLDO LQ &RQFUHWH ,QVSI
WK &RQIHUHQFH RQ 2XU :RUOG LQ &RQFUHWH DQG 6WUXFWXI
OF&UHD $ 0 DQG &KDPEHUODLQ '$ TRZDUGYV WKH 'HYHOF

,QVSHFWLRQ 5RERW SURFHHGLQJV RI WKH WK ,QWHUQD\
$XWRPDWLRQ DQG 5RERWLFV LQ &RQVWUXFWLRQ ,6%$5& + R X\
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/IWWWR I )LI XU HV

JLIXUH )LIXUH 7LWOH
1R
5HVHDUFK OHWKRGYV
(QILQHHULQJ 'HVLJQ 2YHUYLHZ
30DQQLQJ IRU 'HVLJQ
%ULGJH '"HWDLO >$ @ DFFRUGLQJ WR 7DEOH
%ULGJH 'HWDLO >$ @ DFFRUGLQJ WR 7DEOH
%ULGJH 'HWDLO >$ @ DFFRUGLQJ WR 7DEOH
%ULGJH 'HWDLO >% @ DFFRUGLQJ WR 7DEOH
%ULGJH 'HWDLO >% @ DFFRUGLQJ WR 7DEOH
%ULGJH 'HWDLO >% @ DFFRUGLQJ WR 7DEOH
%ULGJH 'HWDLO >& @ DFFRUGLQJ WR 7DEOH
%ULGJH 'HWDLO >& @ DFFRUGLQJ WR 7DEOH
%ULGJH 'HWDLO >& @ DFFRUGLQJ WR 7DEOH
%ULGJH 'HWDLO >' @ DFFRUGLQJ WR 7DEOH
%ULGJH 'HWDLO >' @ DFFRUGLQJ WR 7DEOH
%ULGJH 'HWDLO >' @ DFFRUGLQJ WR 7DEOH
%ULGJH 'HWDLO >( @ DFFRUGLQJ WR 7DEOH
%ULGJH 'HWDLO >( @ DFFRUGLQJ WR 7DEOH
%ULGJH 'HWDLO >( @ DFFRUGLQJ WR 7DEOH
6FKHPDWLF ,GHDOLVDWLRQ RI 7RRO 2ULHQWDWLRQ
. 5GDGLRJUDSK\ 7THVWLQJ 57
BOWUDVRQLF 7HVWLQJ 87
7HVW 3LHFH LQ ODJQHWLF )ORZ '"HWHFWLRQ
$FRXVWLF (PLVVLRQ 7HVWLQJ $(
L OLHZ RI WKH 6\WWHP ZKLOH ([HFXWLQJ %ODVWLQJ RQ !
9LHZ Rl WKH 3URWRW\SH DW :RUN RQ WKH 6HFRQGDU\
6FKHPDWLF 5HSUHVHQWDWLRQ RI 553 DQG 555 &RQILJ)

[LLL



*UDSKLFDO 7DVN 'HVFULSWLRQ

'"HIWHULW\ ODWUL[ &RPSDWLELOLW\

&ROOLVLRQ (QYHORSH ,VRODWHG IURP WKH 8QLW :RUTI
6WDJH 2QH 6WULQJ SHSUHVHQWDWLRQ

6WDJH 7ZR 6WULQJ 5HSUHVHQWDWLRQ

7ZR REMHFWLYH )XQFWLRQ 6KRZLQJ 3DUHWR 2SWLPDO
ORGXOHV DQG WKHLU 5ROHV )XQFWLRQ DQG ,QWHUDF
6PDOO :RUNVSDFH ORGHO

OHGLXP :RUNVSDFH ORGHO

/IDUJH :RUNVSDFH ORGHO

"RUNVSDFH ORGHO IRU 3URGXFWLYLW\ QHULILFDWLRQ
3HUIRUPDQFH RI 555 YV 553 &RQILIJXUDWLRQ IRU 03,5
3HUIRUPDQFH RI 03,5 ZLWK 9DULDWLRQ RI 5HDFK LQ 6|
SHUIRUPDQFH RI 03,5 ZLWK 9DULHW\ RI 5HDFK LQ OHGL
SHUIRUPDQFH RI1 03,5 ZLWK 9DULHW\ RI 5HDFK LQ /DUJ

$FFXPXODWHG 3HUIRUPDQFH RI 03,5 IRU 9DULHW\ RI
"RUNVSDFHYV

3URGXFWLYLW\ RI 03,5 ZLWK P 5HDFK IRU 9DU\LQJ 9}
555 DQG 553 3HUIRUPDQFH IRU *HQHUDWLRQV IRU ,
*UDSKLFDO 7DVN 'HVFULSWLRQ

6SKHULFDO &RQILJXUDWLRQ 3HUIRUPDQFH IRU '"H[WHU
6SKHULFDO &RQILIJXUDWLRQ 3HUIRUPDQFH IRU 3URGXF
2SWLPDO 5RERW 6HOHFWHG IRU 6SHFLILHG ,QLWLDO 7
553 DQG 555 3HUIRUPDQFH IRU ([WHQGHG 7DVN LQ 6WEL
'"H[WHULW\ ODWUL[ &RPSDWLELOLW)\ IRU ([WHQGHG 7DV
2SWLPDO 5RERW 6HOHFWHG IRU ([WHQGHG 7DVN ILYH
555 3HUIRUPDQFH IRU ([WHQGHG 7DVN DQG 'RXEOH 3R
*$ 3HUIRUPDQFH IRU ,QFUHDVHG &URVVRYHU 5DWH

*$ 3HUIRUPDQFH IRU 7ZR &URVVRYHU 7\SHV LQ 6WDJH
*$ %HKDYLRXU ZLWK DQG ZLWKRXW &UHHS OXWDWLRQ

yl's



,QIOXHQFH RI WKH (OLWLVP RQ *$ 3HUIRUPDQFH
*UDSKLFDO 5HSUHVHQWDWLRQ RI WKH :RUNSODFH DQC
*HQHUDO 9LHZ RI WKH B3URSRVHG 6\VWHP

6HTXHQFH RI 6WHSV RI 7UDFN Rl 553 URERW XVLQJ *
6HTXHQFH RI 6WHSV RI 7UDFN Rl 555 URERW XVLQJ *



/[WWRI DEOHV

7TDEOH 7DEOH 7LWOH

1R

ODWUL[ RI &XVWRPHUV DQG 'HVLIJQHUV O5HTXLUHPHQW
3ULQFLSDO )HDWXUI—r|V RI WKH (PERGW_\I?HQW '"HVLTQ
SRUWIROLR RI %ULGJH 7\SHV

SRUWIROLR RI %ULGJH &URVV VHFWLRQV

([DPSOHV RI 7\SLFDO 5HSHWLWLYH $UHDV RQ %ULGJHV
6XLWDELOLW\ &RPSDULVRQ RI 1'7 7THFKQLTXHV IRU &RD
$XWRPDWLRQ &KDUDFWHULVWLFV DQG $VVHVVPHQW IR
$XWRPDWLRQ &KDUDFWHULVWLFV DQG 6XLWDELOLW\ R
$XWRPDWLRQ &KDUDFWHULVWLFVY DQG 6XLWDELOLW\ R
$GYDQWDJHV DQG 'LVDGYDQWDJHV RI &RPSXWHU 7RPR.
$XWRPDWLRQ &KDUDFWHULVWLFVY DQG 6XLWDELOLW\ R
$XWRPDWLRQ &KDUDFWHULVWLFV DQG 6XLWDELOLW\ R
$XWRPDWLRQ &KDUDFWHULVWLFVY DQG 6XLWDELOLW\ R
$XWRPDWLRQ &KDUDFWHULVWLFV DQG 6XLWDELOLW\ R
$VVHVVPHQW Rl (OHFWURFKHPLFDO 3RWHQWLDO DQG 5
6 XLWDELOLW\ $VVHVVPHQW Rl ,QIUD UHG 7KHUPRJUD Sk
$XWRPDWLRQ 3RWHQWLDO RI 6XUYH\HG 1'7 OHWKRGV D
$SSOLFDELOLW\ DQG 9HUVDWLOLW\ RI 1'7 OHWKRGV >%
$XWRPDWLRQ 3RWHQWLDO RI &RPPHUFLDOO\ $YDLODEC

$VVHVVPHQW RI &RPPHUFLDOO\ $YDLODEOH $XWRPDWEL
5HVWRUDWLRQ 6\VWHPV

$FFHVV (TXLSPHQW

$VVHPEOHG 30DWIRUPV DQG 2XWULJJHUV RQ %ULGJHV
ODQLSXODWRUV ZLWK '2)

ODQLSXODWRUV ZLWK '2)

6WDJHV RI D 7\SLFDO 2SHUDWLRQ 8VLQJ WKH 3URWRW\
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3DWK 3RLQWYV &R RUGLQDWHYV IRU 6PDOO :RUNVSDFH
3DWK 3RLQWYV &R RUGLQDWHY IRU OHGLXP :RUNVSDFH
3SDWK 3RLQWYV &R RUGLQDWHYV IRU /DUJH :RUNVSDFH
SBURGXFWLYLW\ IRU $OWHUQDWLYH 9HORFLW\ 3URILOHYV
2SWLPLVHG 3DUDPHWHUYV IRU ,QLWLDO 7DVN LQ 6WDJH

7ULDO 5XQ IRU OLFUR SRSXODWLRQ 6L]JH $VVHVVPHQW
6WDJH 7ZR

2SWLPLVHG -RLQWYV 3DUDPHWHUV IRU ,QLWLDO 7DVN
: ULVW 535

9DOXHV RI 9HORFLWLHY DQG $FFHOHUDWLRQV IRU 2SW
SDUDPHWHUV 2SWLPLVDWLRQV IRU ([WHQGHG 7DVN IR

2SWLPLVHG -RLQWV 3DUDPHWHUV IRU ([WHQGHG 7DVN
: ULVW 535

2SWLPDO 9DOXHV RI 9HORFLWLHY DQG $FFHOHUDWLRQ

SDUDPHWHUYV 2SWLPDO 9DOXHV IRU ([WHQGHG 7DV
B3RSXODWLRQ 6L]H

SDUDPHWHUV 2SWLPLVDWLRQV IRU ([WHQGHG 7DVN IR
R

SDUDPHWHUYV 2SWLPLVDWLRQV IRU ([WHQGHG 7DVN IR
7\SHYV

3DUDPHWHUY 2SWLPLVDWLRQV IRU ([WHQGHG 7DVN |
&UHHS OXWDWLRQ

3DUDPHWHUV 2SWLPLVDWLRQV IRU ([WHQGHG 7DVN |
(OLWLVP
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IRWDWDRDRQD U LD EQHLQLWLRQV

URWDWLRQDO SDUW RI WRWDO WUDQVIRUPDWLRQ
RULHQWDWLRQ

RI WKH ZULVW IRU JLYHQ YDOXHV Rl SDUDPHWHUYV
VHULHV Rl . SRLQWY UHSUHVHQWLQJ WKH FRQWRXU\
WHQVRU LGHQWLI\LQJ ERXQGDULHV RI WKH FROOL
WZHQW\

DQJOHV Rl URWDWLRQ RI WKH PDMRU FRQILIJXUDWLRQ
DQJOH RI URWDWLRQ Rl WKH PDMRU FRQILJXUDWLF
SURMHFWLRQ OHQJWK RI SULVPDWLF MRLQW

DQJOHV RI URWDWLRQ RI WKH UHYROXWH MRLQWYV LQ

WKUHH MRLQWYV
WUDMHFWRU\ RI 1 SRLQWV RI 0 VXE SDWKV IROORZHC

ILWQHVV IXQFWLRQV IURP ILUVW DQG VHFRQG VWD
SHQDOW\ YDOXH LQGLFDWLQJ VLQJXODULW\ RU FROOL
OHQJWKV RI ILUVW DQG VHFRQG OLQNYVY UHVSHFWLYH
SRSXODWLRQ VL]H

QSRSVL]

3L

5MM

W_
,GLVW

$ %

. WP

WUDMHFWRU\ RI 1 SRLQWV RI 0 VXE SDWKV WR E
ZRUNVSDFH
WHQVRU HQFRPSDVVLQJ DOO SRLQWY DORQJ WKH WUI

URWDWLRQ PDWUL[ RI XQLW RUWKR QRUPDO EDV
WUDMHFWRU\
LQGLFDWLQJ WKH UHTXLUHG RULHQWDWLRQ RI DSSUR
WHQVRU RI WKH UHTXLUHG GH[WHULW\

WUDMHFWRU\ RI 1 SRLQWV RI 0 VXE SDWKV SURGXFH
WHQVRU HQFRPSDVVLQJ DOO WKH WRRO ORFDWLRQ
NLQHPDWLFYV

WDVN FRPSOHWLRQ WLPH

VXP RI WKH GLVWDQFHY EHWZHHQ 3 DQG 7

WHQVRU RI WKH URWDWLRQDO SDUW RI WKH WRWDO W

MZHLIKWLQJYT FRHIILFLHQWY DOORFDWLQJ FXUUHQW
GH[WHULW\ DQG SURGXFWLYLW\
VXP RI bOO WKH WLPHVY UHTXLUHG WR UHDFK DOO
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QBUDP QXPEHU RI SDUDPHWHUV JURXSV RI ELWV RI HDFK L
WR PDWFK WKH QXPEHU RI YDOXHV LQ WKH SDUPLQ
LQSXW DUUD\V

SFURVV SUREDELOLW)\ RI VLQJOH SRLQW RU XQLIRUP FURVVRY

SPXWDW$UREDELOLW\ RI MXPS PXWDWLRQ W\SLFDOO\ VHW

SFUHHS SUREDELOLW\ RI FUHHS PXWDWLRQ W\SLFDOO\
QFKURPH QSDUDP QSRSVL]

QFKURP QXPEHU RI FKURPRVRPHV

PD[JHQ PD[LPXP QXPEHU RI JHQHUDWLRQV WR UXQ E\ WKH *$

LUHVWUWIRU D QHZ *$ UXQ RU IRU D VLQJOH IXQFWLRQ HYI
UHVWDUW FRQWLQXDWLRQ RI D *$ UXQ

LGXP LQLWLDO UDQGRP QXPEHU VHHG IRU WKH *$ UXQ 0X\
LQWHJHU H J £GXP

LWRXUQQR ORQJHU XVHG *$ SUHVHQWO\ VHW XS IRU RQO\ WF

£HOLWH IRU QR HOLWLVP EHVW LQGLYLGXDO QRW QHFHVVD!

JHQHUDWLRQ WR WKH QH[W IRU HOLWLVP WR
LQGLYLGXDO UHSOLFDWHG LQWR QH[W JHQHUDWLRQ

LXQLIUP IRU VLQJOH SRLQW FURVVRYHU IRU XQLIRUP FUR

£QLFKH IRU QR QLFKLQJ IRU QLFKLQJ

QFKLOG IRU RQH FKLOG SHU SDLU RI SDUHQWYV IRU WZR
SDUHQWYV

EVNLS IRU QRUPDO *$ UXQ WKLV LV VWDQGDUG QXPEH

ORRN DW D VSHFLILF LQGLYLGXDO RU VHW RI LQGLYL
RQO\ XVHG IRU GHEXJJLQJ SXUSRVHV

£EHQG IRU QRUPDO *$ UXQ WKLV LV VWDQGDUG QXPEHU
PHPEHU WR EH ORRNHG DW LQ D VHW RI LQGLYLGXD!
RQO\ XVHG IRU GHEXJJLQJ SXUSRVHV DQG LV FRPI
FROMXQFWLRQ ZLWK £VNLS

QRZULWHWR ZULWH GHWDLOHG PXWDWLRQ DQG SDUDPHWHU
ZULWH GHWDLOHG PXWDWLRQ DQG SDUDPHWHU DGMX

SDUPLQ DUUD\ RI WKH PLQLPXP DOORZHG YDOXHV RI WKH SDU

SDUPD[ DUUD\ RI WKH PD[LPXP DOORZHG YDOXHV RI WKH SDU|

QSRVLE®@UUD\ RI LQWHJHU QXPEHU RI SRVVLELOLWLHV SHU S
FRGH HIILFLHQF\ VHW QSRVLEO Q LH
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QIKAOJ DUUD\ RI IODJV IRU ZKHWKHU RU QRW QLFKLQJ RF
SDUDPHWHU 6HW WR IRU QR QLFKLQJ RQ D SDUDF
QLFKLQJ WR RSHUDWH RQ SDUDPHWHU 7KH GHIDXO\
LPSOHPHQWDWLRQ RI QLFKLQJ LV VWLOO FRQWUROOH

PLFURJD IRU QRUPDO FRQYHQWLRQDO *$ RSHUDWLRQ
RSHUDWLRQ WKLV ZLOO DXWRPDWLFDOO\ UHVHW VI
10DJV

EHVW WKH EHVW ILWQHVV RI WKH JHQHUDWLRQ

FKLOG WKH IORDWLQJ SRLQW SDUDPHWHU DUUD\ RI WKH FKL

FUHHS RU LQGLFDWHYV ZKLFK GLUHFWLRQ SDUDPHWHU F
GHO VTXDUH URRW RI GHO
GHO VXP RI WKH VTXDUHV RI WKH QRUPDOLVHG PXOWLGL

EHWZHHQ PHPEHU M DQG DOO RWKHU PHPEHUV RI WKI

GHOWD GHO QSDUDP

GLIIUDFIUDFWLRQ RI WRWDO QXPEHU RI ELWV ZKLFK DUH GLII
DQG WKH UHVW RI WKH PLFUR *$ SRSXODWLRQ 3RSX
DUELWUDULO\ VHW DV GLIIUDF

IEDU DYHUDJH ILWQHVY RI SRSXODWLRQ

ILWQHVMUUD\ RI ILWQHVVHY RI WKH SDUHQWYV

ILUVXP VXP RI WKH ILWQHVVHV RI WKH SDUHQWYV

JR ORZHU ERXQG YDOXHV RI WKH SDUDPHWHU DUUD\ WI
QXPEHU RI SDUDPHWHUYV LQ WKH DUUD\ VKRXOG PDWF
LQ WKH DERYH SDUDPHWHU VWDWHPHQW

JL WKH LQFUHPHQW E\ ZKLFK WKH SDUDPHWHU DUUD\ L\
ORZHU ERXQG YDOXHV LQ WKH J2 DUUD\ 7KH PLQL
YDOXH LV J2 DQG WKH PD[LPXP SDUDPHWHU YD

J J J LH J LV WKH LQFUHPHQWDO YDOXH EH)
PD]

£J DUUD\ RI WKH QXPEHU RI ELWV SHU SDUDPHWHU L
SRVVLEOH YDOXHV SHU SDUDPHWHU )RU H[DPSOH L
WR SRVVLELOLWLHV LJ LV HTXLYDOHQW

SRVVLELOLWLHYV
LI VXP VXP RI WKH QXPEHU RI SRVVLELOLWLHYVY RI LJ DUUD\
£EEHVW ELQDU\ DUUD\ RI FKURPRVRPHYVY RI WKH EHVW LQGLYLC
£EFKLOG ELQDU\ DUUD\ RI FKURPRVRPHV RI WKH FKLOGUHQ



£EFRXQWFRXQWHU RI QXPEHU Rl GLIIHUHQW ELWV EHWZHHQ
RWKHU PHPEHUV RI PLFUR *$ SRSXODWLRQ
£FURVV WKH FURVVRYHU SRLQW LQ VLQJOH SRLQW FURVVRYH
LQGPD[ PD[LPXP RI LQGLYLGXDOV DOORZHG L H PD[ SRSXO
£SDUHQWLQDU\ DUUD\ RI FKURPRVRPHV RI WKH SDUHQWYV
EVWDUWWKH JHQHUDWLRQ WR EH VWDUWHG IURP
£EHVW WKH PHPEHU LQ WKH SRSXODWLRQ ZLWK WKH EHVW IL
£HOLWHD FRXQWHU ZKLFK WUDFNV WKH QXPEHU RI ELWV RI
PDWFK WKRVH RI WKH EHVW LQGLYLGXDO
£HQG XVHG LQ FRQMXQFWLRQ ZLWK £HQG IRU GHEXJJLQJ
MVWDUWXVHG LQ FROQMXQFWLRQ ZLWK £VNLS IRU GHEXJJLQJ
NRXQW D FRXQWHU ZKLFK FRQWUROV KRZ IUHTXHQWO\ WKH U
NRXQWPWKH PD[LPXP YDOXH RI NRXQW EHIRUH D QHZ UHVW
SUHVHQWO\ VHW WR ZULWH HYHU\ ILIWK JHQHUDWLR
ZLOO UHGXFH , 2 WLPH UHTXLUHPHQWY DQG UHGXFFL
\RXU VWRUDJH GHYLFH
NHOLWHNHOLWH VHW WR XQLW\ ZKHQ MHOLWH QFKURPH LCQ
SDUHQW ZDV UHSOLFDWHG DPRQJVW WKH FKLOGUHQ
PDWHO WKH QXPEHU RI WKH SRSXODWLRQ PHPEHU FKRVHQ D)
PDWH WKH QXPEHU RI WKH SRSXODWLRQ PHPEHU FKRVHQ D)
QFKUPDPD[LPXP RI FKURPRVRPHV ELQDU\ ELWV SHU LQGLY
QFKURPIXPEHU RI FKURPRVRPHV ELQDU\ ELWV RI HDFK LQG
QFUHHS RI FUHHS PXWDWLRQV ZKLFK RFFXUUHG GXULQJ UHS
QPXWDWHI MXPS PXWDWLRQV ZKLFK RFFXUUHG GXULQJ UHSU
QSDUPDPD[LPXP Rl SDUDPHWHUV ZKLFK WKH FKURPRVRPHYV
QSRVVXRXP Rl WKH QXPEHU RI SRVVLEOH YDOXHV RI DOO SDL
SDUDPDWKH DYHUDJH RI HDFK SDUDPHWHU LQ WKH SRSXODW!
SDUDPVWKH VXP RI HDFK SDUDPHWHU LQ WKH SRSXODWLRQ
SDUHQWWKH IORDWLQJ SRLQW SDUDPHWHU DUUD\ RI WKH SDU
SDUGHODUUD\ RI WKH GLIIHUHQFH EHWZHHQ SDUPD[ DQG SDU
UDQG WKH YDOXH RI WKH FXUUHQW UDQGRP QXPEHU
VLIJVKDUORDWLQJ SRLQW HTXLYDOHQW RI QSDUDP
VXPVKDWKH VFDOLQJ IDFWRU WR EH DSSOLHG WR WKH ILW:(
EDVHG RQ D WULDQJXODU VKDULQJ IXQFWLRQ
GLVWWOWXP Rl WKH GLVWDQFHV EHWZHHQ HQG HIIHFWRU DQG
WRRO FR RUGLQDWHV RI WKH WRRO
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HBR Z FR RUGLQDWHV RI WKH HOERZ
" SHQDOW)\ IXQFWLRQ

GH Z VWDQGDUG GHYLDWLRQ

SDWK SDWK FR RUGLQDWHYV

FROLV FRUQHUV RI WKH FROOLVLRQ HQYHORSH V FR RUGLQD

SW SWOWHUVHFWLRQ FR RUGLQDWHYV LQ [ \] EHWZHHQ WK

SW] HOERZ RU WRRO

GYWDQFMXP RI GLVW

G W/ GLVWDQFH EHWZHHQ WKH GLUHFW NLQHPDWLFV FDO|
WHRO DQG SDWK SRLQWYV

HQ GLVWDQFH EHWZHHQ HOERZ DQG WRRO FR RUGLQDWH

U R UHTXLUHG URWDWLRQDO PDWUL[ IRU 585 RU 553 Zl1
ZUIWYV

G HW FDOFXODWHG FXUUHQW URWDWLRQDOSPDWUL[ IRU 5!

DQG 53< ZULVWYV
VXPWWOVKP RI DOO WLPHVY WR UHDFK DOO WKH SDWK SRLQWYV
w W WLPH WR UHDFK SDWK SRLQWYV
SDUWILWSDUW RI WKH ILWQHVV IXQFWLRQ GXH WR GH[WHULW\
SDMILW SDUW RI WKH ILWQHVV IXQFWLRQ GXH WR WLPH



'"HFODUDWLRQ

, JUDQW SRZHU RI GLVFUHWLRQ WR WKH XQLYHUVLW\ OLEUDU\ \
ZKROH RU LQ SDUW ZLWKRXW IXUWKHU UHIHUHQFH WR PH 7KL
FRSLHY PDGH IRU VWXG\ SXUSRVHV VXEMHFW WR QRUPDO FRQGI

r E]1E



&KD SWH U QWU RGXFW LRQ

7KH WKHVLVY SUHVHQWY D QHZ DSSURDFK WR WKH RSWLPLV
DSSO\LQJ WKH *HQHWLF $OJRULWKP *$ PHWKRG DV WKH RSV
HQJLQHHULQJ GHVLJQ (* SURFHVV DV WKH IUDPHZRUN 7K
FRPELQDWLRQ RI L ITUHVK LQVLIKW LQWR OLQNLQJ RI WKH SD
GHVLIJQ SURFHVYV LL FDUHIXO DQDO\WLV DQG VHOHFWLRQ
SUHYLRXVO\ DVVHPEOHG HQJLQHHULQJ UHTXLUHPHQWYV DQG
FDQGLGDWH URERWYY GHVFULSWLRQ DQG UHSUHVHQWDWLRQ
RI WKH FDQGLGDWH VROXWLRQV DQG LY XVH RI WKH DGYDQ
DOJRULWKP EHKDYLRXU LQ FRPSXWDWLRQV 7KH FRPELQDWLRC
SRZHUIXO QHZ PHWKRG RI| *$ DSSOLFDWLRQ DV WKH VHDUFK D
SULPDU\ OLPLWDWLRQ RI WKLYV IUDPHZRUN LV WKH DYDLODELO
DWWHPSWHG WR EH RYHUFRPH E\ XVLQJ WKH GHYHORSPHQWYV
DQG RSHUDWLQJ RI *$ LWVHOI

7KLYV SDUWLFXODU DSSURDFK UHSUHVHQWY DQ DWWHPSW W
ZKLFK FDQ EH XVHG DFURVV D EURDG UDQJH RI DSSOLFDWLRQ
XVH RI *$ LQ WZR DSSOLFDWLRQV URERWIV NLQHPDWLF SI
FRQILIXUDWLRQ 553 DQG 555 RSWLPLVDWLRQ DQG ODWHU V
ZRUN IRU FRQWLQXLQJ WKH GHYHORSPHQW RI WKLV PHWKRGROC

7KH LQWURGXFWRU\ FKDSWHU ILUVW SUHVHQWYV WKH DXWKR
Rl UHVHDUFK DQG WKHQ D IRUPDO SUREOHP VWDWHPHQW
REMHFWLYHVY DQG WKH K\SRWKHVHV RI WKH UHVHDUFK 7KH IR
WKH VFRSH RI WKH UHVHDUFK DQG WKH DSSURDFK PHWKRGRO
RI WKH WKHVLVY FRQFOXGHYV WKLV FKDSWHU

ORWLYDWLRQ

7KH UHFHQW PRWLYDWLRQ IRU WKLV ZRUN FRPHV IURP WKH |
RI EULGJH GHVLJQ PDLQWHQDQFH WHFKQLTXHVY DQG FRUUHYV
DXWKRUTV RSLQLRQ WKDW D ULJRURXVY HYDOXDWLRQ RI DOWH!I
WKH RYHUZKHOPLQJ PDMRULW\ RI SDUWLDOO\ RU IXOO\ DXW
UHVWRUDWLRQ RI EULGJHV 7KLV FDQ EH GLUHFWO\ OLQNH
LODGHTXDWH DSSOLFDWLRQ RI WKH PHWKRGV DQG SURFHGXL
SURFHVV (YHQ LQ WKH EHVW VWXGLHV RI URERW GHVLJQ WKFE
VFRSH FRQVLGHULQJ RQO\ D IHZ RXW RI ODUJH QXPEHU
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FROILIXUDWLRQV DQG HYDOXDWHG IRU OLPLWHG DSSOLFDWLRQ
JURZ LQ FRPSOH[LW\ WRJHWKHU ZLWK WKH YDULHW\ LQ WKI
VWUXFWXUDO HQYLURQPHQW EULGJHV LQ SDUWLFXODU GX
WHFKQLTXHY DQG PDWHULDOV WKH QHHG WR GHVLJQ EHWWHU
7R KHOS LQ WKH GHVLJQ RI WKHVH V\VWHPV ZKLFK LQ VRPH FI
ZKLFK WR ZRUN D QHZ PHWKRGRORJ\ IRU DFKLHYLQJ DQ LPSUF

BUREOHP 6WDWHPHQW

5DWLRQDOH

$ YDVW DQG FRVWO\ LQVSHFWLRQ UHSDLU DQG PDLQWHQDQ
VWUXFWXUHV LQ (XURSH 7R FDUU\ RXW WKHVH RSHUDWLRQV R
VWRUDJH WDQNV FKLPQH\V DQG ORQJ VSDQ EULGJHV FDQ
7KHUHIRUH WKH DERYH DFWLYLWLHV DUH DQ LPSRUWDQW WEL
UHVHDUFK (VWDEOLVKLQJ WKH QHHG LQLWLDWHYV WKH HQJLQH|
WKH IUDPHZRUN RI (' WKH IROORZLQJ DFWLRQV IROORZ L XQ
JHQHUDWLQJ SRWHQWLDO VROXWLRQV FRQFHSWV DQG LLL HY
WKLY UHVHDUFK VWHHO EULGJHV DUH VHOHFWHG DV WKH WDUJ

7R DYRLG EXLOGLQJ H[SHQVLYH DQG DERUWLYH WULDO KDL
SURFHVV LV DGRSWHG LQLWLDOO\ XVLQJ HOHPHQWYV RI 4XDO
>800PDQ @ WR GHWHUPLQH HQJLQHHULQJ UHTXLUHPHQWYV
HPSOR\LQJ *HQHWLF $OJRULWKP *$ DV WKH SDUDPHWHU RSWL!
PHWKRG YHULILFDWLRQ VLPXODWLRQ DQG H[SHULPHQWDWLRQ
UHPRWHO\ RSHUDWHG DXWRPDWHG LQVSHFWLRQ DQG UHVWRUL
DLPHG DW LQ WKLV WKHVLV LQGLFDWLQJ WKH KLJK DXWRPD!
([LVWLQJ WHFKQRORJ\ LV WUDQVIHUUHG DQG DGDSWHG IURP L
QXFOHDU ZKHUH WKHLU KD]DUGRXV HQYLURQPHQW KDV OHG
KDQGOLQJ WHFKQRORJ\ WKDQ WKDW HYROYHG LQ WKH FRQVW
WHFKQRORJLHY LQFOXGH L D PRGXODU DFFHVV DQG ZDVWH
OLJKWZHLJKW URERWLF PDQLSXODWRU LLL D PDQLSXODWR
FRPSDWLEOH WRROV IRU LQVSHFWLRQ VXUIDFH SUHSDUDWLRQ

*DS Rl .QRZOHGJH

‘RUNHUV HPSOR\HG LQ WKH VWHHO VWUXFWXUHVY UHVWRU
SK\VLFDO VWUDLQ DQG DUH H[SRVHG WR WR[LF GXVW DQG
UHVWRUDWLRQ SURFHVV LWVHOI FDUULHV DOVR D KLJK ULVN R



: KLOVW WKH VXE VI\VWHPV WHFKQRORJ\ H[LVWV ZKLFK FRX
SURFHVV LWV DGRSWLRQ DQG LQWHJUDWLRQ DZDLWV IXUWKI
IDFH RWKHU LQGXVWULHV ZKLFK GHDO ZLWK KD]DUGRXV RU G
([SHQVLYH SXUSRVH EXLOW DFFHVV V\VWHPV DUH FRPPRQO\
FRVW UHFRQILIJXUDEOH KLJK SHUIRUPDQFH PRGXODU V\VWtF
DXWRPDWLRQ DSSOLFDWLRQV $OVR GHVSLWH WKH VLPLODUI
DGYDQWDJH KDV QRW \HW EHHQ WDNHQ RI URERWLF PDQLSX
UHTXLUHPHQWYV IRU WRRO GHOLYHU\ DQG KDQGOLQJ $W WKH
QHHGHG ZKLFK FDQ TXLFNO\ LGHQWLI\ WKH EHVW VROXWLRQ |
FRQILJXUDWLRQ DQG NLQHPDWLF SDUDPHWHUV ZLWKRXW KDY
RI WHFKQLTXHYV DQG PHWKRGY SRWHQWLDOO\ DYDLODEOH IRU
PHWKRGRORJ\ KDV QRW RQO\ WR EHQHILW IURP WKH IRUPDOLYV
GHVLJQ SURFHVV EXW DOVR FRPELQH DQG DFFHOHUDWH WKF
HYDOXDWLRQ GHVLJQ 7KH DXWKRU LQLWLDOO\ SXUVXHG KH!
FRQFHSWXDO GHVLJQ RI WKH URERW IRU EULGJH UHVWRUDWLR
NH\ GHVLJQ YDULDEOHV KDYH EHHQ LGHQWLILHG E\ XVLQ.
FROODERUDWLQJ ZLWK WKH LQGXVWU\ H[SHUWV DQG SUDF\
FKDUDFWHULVDWLRQ Rl WKH SUREOHP LV DFKLHYHG 7KLV FRU
D VIVWHP OHYHO RI DEVWUDFWLRQ >*HOVH\ HW DO @ L
FKRLFH RI WKH RSWLPLVDWLRQ WRRO LV UHTXLUHG DV ZHOO

RSWLPLVHY WKH URERW V WDVN IRFXVHG SHUIRUPDQFH 7KH
SURFHGXUHV VXFK DV HQXPHUDWLRQ PDFKLQH OHDUQLQJ R
ZRXOG OHDG WR JOREDO RSWLPXP EXW WKH\ UHTXLUH H[FHVV
VHW WKHP XS DQG FDUHIXO PRQLWRULQJ RI WKH RSWLPLVLQG
DWWHQWLRQ KDV FRQFHQWUDWHG RQ *HQHWLF $OJRULWKPV

YDVW VHDUFK VSDFHV DUULYLQJ DW RSWLPDO YDOXHV RI VLP
SDUDPHWHUV XQGHU VRPHWLPHVY FRPSHWLQJ REMHFWLYHV

DSSOLFDWLRQ LV KRZHYHU D SUREOHP SDUWLFXODU DIIDLU D
DQG SHUIRUPDQFH UHTXLUH D IUHVK LQVLJKW DQG LQ GHSWK

XVH LQ WDVN UHODWHG RSWLPLVDWLRQ RI URERW V NLQHPD\
H[SORUHG RU XWLOLVHG



SHVHDUFK 2EMHFWLYHYV

7H DLP RI WKLY UHVHDUFK LV WR DUULYH DW WKH RSWLPDC
YDOXHV RI NLQHPDWLF SDUDPHWHUV RI WKH UHVWRUDWLRQ
RSWLPLVDWLRQ LV FDUULHG RXW IRU WKH VSHFLILHG UDQJH
GHWHUPLQHG FULWHULD 7KH DERYH DLP ZLOO EH DFKLHYHG W
L &ODULI\ DQG DSSO\ WKH HQJLQHHULQJ GHVLJQ SURFHVYV
H[SODLQ WKH SRVLWLRQLQJ RI WKH RSWLPLVDWLRQ Pt
FRUUHODWLRQ EHWZHHQ WKH H[SHFWHG RXWFRPH RI FR
DSSOLFDWLRQ LQWHJULW\
LL 8VH WKH 4)' PHWKRG WR DVVHPEOH D OLVW RI FXVWR
UHTXLUHPHQWYV FRPSOHWLQJ EHQFKPDUNLQJ DQG J
UHTXLUHPHQWYV

LLL &ULWLFDOO\ DQDO\WH WKH UHVWRUDWLRQ WDVNV RI (
FRPELQLQJ EULGJH JHRPHWU\ ZLWK WKH VSHFLILFDWLRQ F

LY 5HYLHZ H[LVWLQJ HQDEOLQJ WHFKQRORJLHV IRU SR
DXWRPDWHG GHYLFH

Y /LVW DVVHVV DQG JUDGH WKH FKRLFH RI FULWHULD |

UHTXLUHPHQWYV I|IRU WKH RSWLPDO GHVLJQ RI DQ LQVSHF
$QDO\WH DQG HVWDEOLVK GHVLJQ SDUDPHWHUVY EDVHG R(

YL $QDO\WH DQG DSSO\ *HQHWLF $OJRULWKP *$ DV D
DSSURSULDWHO\ UHSUHVHQWLQJ URERW V SDUDPHWHUYV
HYDOXDWLRQ PHWKRGY EDVHG RQ WKH FULWHULD

YLL &RPSXWHULVH WKH RSWLPLYVDWLRQ SURFHGXUH ZLWK ):

YLLL 7THVW WKH UHVXOWY RQ WKH YHULILHG FDVH VWXG\ RI
RQ WKH VXFFHVV RI WKH YHULILFDWLRQ DSSO\ WKH PHW
DQG UHVWRUDWLRQ $) DXWRPDWHG IDFLOLW\

L[ &RQILUP WKH RSWLPLVDWLRQ RXWFRPH XVLQJ URERW VL

[ $QWLFLSDWH WKH FRQWLQXDWLRQ WR WKH PHWKRG
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+\SRWKHVLV

7KH PDLQ K\SRWKHVLV RI WKH UHVHDUFK LV
7TKHUH LV D QHHG WR GHYHORS WKH PHWKRGRORJ\ IRU VHOl
LQVSHFWLRQ DQG UHVWRUDWLRQ RI YDULHW\ RI VWHHO EULGJ
IHDVLEOH DQG EHQHILFLDO WR HPSOR\ *HQHWLF $OJRULWKI
JHQHUDWLQJ DQG HYDOXDWLQJ DXWRPDWLRQ V\VWHP FRQ
RSWLPLVDWLRQ RI SDUDPHWHUV FRQVLGHULQJ L DOWHUQL
NLQHPDWLF SDUDPHWHUV ZLWKLQ D VSHFLILHG UDQJH IRU
VLPXOWDQHRXYV FKDQJHV LQ YDOXHV RI D QXPEHU RI SDUDPHW
FULWHULD
7TKH PDLQ K\SRWKHVLV LV IXUWKHU H[SUHVVHG DV PRUH GHYV
L 7KH SURSRVHG PHWKRGRORJ\ IRU VHOHFWLQJ DQG RSWL
vVSDQV RYHU VHYHUDO SKDVHV RI WKH HQJLQHHULQJ GHV
RQO\ UHTXLUHV D VLQJOH IUDPHZRUN WR FDUU\ WKH RXW

VWDJH

LL (ITHFWLYH WDVN EDVHG HYDOXDWLRQ ZLWKLQ WKH *$ U
YHUVDWLOH GHYLFH

£EEE SRVVLELOLWLHYV H[LVW WR PDWFK WKH H[LVWLQJ HQDE

RI WKH RSWLPLVDWLRQ ZKLFK FDQ OHDGVY WR DVVHPEO\
IDFLOLW\ $) IURP H[LVWLQJ FRPSRQHQWYV

6FRSH RI 5SHVHDUFK

$OWKRXJIK WKH (" IUDPHZRUN LV EHLQJ HPSOR\HG DV Wt
UHVHDUFK FHUWDLQ SUDFWLFDO DVSHFWV DUH QRW DSSOLF
LQGLFDWLYHA LQWURGXFHG LQ RUGHU WR LGHQWLI\ DQG UD
6HFWLRQ DQG 7DEOH 6WHHO EULGJHV DUH FODVVLILHC
OLEUDU\ DVVHPEOHG )ORZHYHU WKH *$ H[SHULPHQWYVY DUH VH
VHOHFWHG RXW RI WKH OLEUDU\ 1'7 DQG VXUIDFH SUHSD
LQYHVWLIDWHG ZLWK RQH WRRO SDWK VHOHFWHG 7KH PDLQ
EURXJKW WRIHWKHU DQG HYDOXDWHG ZLWK WZR RI WKHP VXEN
UHVXOW RI FXVWRPHUVY UHTXLUHPHQW VXUYH\ DQG FRPSHWI
HQJLQHHULQJ UHTXLUHPHQWY HPHUJHV EXW DJDLQ RQO\ D
WuUubQVODWHG WR WKH FULWHULD SDUDPHWHU UHODWLRQVKL
PRGHO 7TKHVH UHVWULFWLRQV DUH LQHYLWDEOH DQG GR (



DSGLFDWLRQV 7KH SRWHQWLDO LV KLIJKOLJKWHG LQ WKH UHF
6HFWLRQ

SHVHDUFK OHWKRGRORJ\

7KH DSSURDFK WR WKH UHVHDUFK LV EDVHG RQ WKH IROORZ
L 6LWH YLVLWV WR .HVVRFN %ULGJH ZKLOH XQGHU UHYV
KLIJKOLJKW WKH FKDUDFWHULVWLFV RI WKH SURFHVV DF
DQG HQYLURQPHQWDO LPSDFW ZKLOH WDUJHWLQJ WKH SL
LL ,QWHUYLHZV ZLWK SRWHQWLDO FOLHQWVYV /RFDO $XWiI
FRPSDQLHV WR DVVHPEOH D OLVW RI FXVWRPHU UHTXL
WRJHWKHU ZLWK UDQNLQJ
ELL 3DUWLFLSDWLQJ LQ ILYH 6\PSRVLD RQ 5RERWLF DQG
EHWZHHQ DWWHQGLQJ ,QWHUQDWLRQDO &RQIF
7HFKQLTXHV IRU +D]DUGRXV (QYLURQPHQWYV DQG ,QWHU
,QVSHFWLRQ $SSUDLVDO 5HSDLUV DQG ODLQWHQDQFH R
DV ZHOO DV DQ H[KLELWLRQ RQ ,QGXVWULDO ODLQWHQDQ]
D OLVW Rl SXEOLFDWLRQV LQ WKH EHJLQQLQJ RI WKH WKH
LY $Q H[WHQVLYH OLWHUDWXUH VXUYH\ FDUULHG RXW LQ C
'"HVLJQ PHWKRGRORJ\ &K
'"HVLJQ DQG RSWLPLVDWLRQ PHWKRGV IRU WKH HQJLQHHUL
*HQHWLF $OJRULWKP DV RSWLPLVDWLRQ WRRO DQG WKHLL
HQJLQHHULQJ GHVLJQ &K
$YDLODEOH FRPSXWLQJ WRROV )2575$1 &K DQG *5%$63
Y $Q H[WHQVLYH DYDLODELOLW\ VXUYH\ FRPSHWLWLRQ EH
DVVHVV DQG HYDOXDWH
,QVSHFWLRQ DQG UHVWRUDWLRQ SURFHVV DQG WKHLU DX\
([LVWLQJ DXWRPDWLRQ DQG URERWLFV WHFKQRORJ\ &K

YL 'HYHORSLQJ WKH *$ GULYHU LQ )2575%$1 LQFRUSRUDW
FRQVWUDLQWYV

YLL 9HULILFDWLRQ RI WKH PHWKRG DQG FDUU\LQJ RXW WKF

YLLL BHWWLQJ XS WKH VLPXODWLRQ PRGHO LQ *5$63 URE

RUGHU WR IXUWKHU FRQILUP WKH UHVXOWY REWDLQHG XV
7KH UHVHDUFK PHWKRGY DUH RXWOLQHG)ZLXMKHWKHLU LQWH



3UHPQOQDU\ 5HVHDUFK 5HYLHZV DQG 'DWD &ROOHFWLRQ 3+$6( 21(

/ILMUDWXUH 5HYLHZ &K 6LVBHVLWYV DQG
%ULGJHV DQG WKHLU FKDUDFWHULVWLFV YLHZV
JQVSHFWLRQ DQG UHVWRUDWLRQ WHFKQLTXHV DQG Eggvé\%y%\}v
5RERWLFV DQG DXWRPDWLRQ LQ FRQVWUXFWLRQ GHVL kK BEROR I
"HVLJQ DQG RSWLPLVDWLRQ PHWKRGV IRU HQJLQHHULQ® XRV WY PER D ES%HEHVggUDWLRQ

*$ DV RSWLPLVDWLRQ WRRO SURFHVV DX DWL
*$ LQ GHVLJQ RI HQILQHHULQJ VIVWHPV DQG URERWYHUVSHFWLYH

BUREOHP '"HILQLWLRQ &K
3

,QLWLDO 3URSRVDO DQG 6WDWHPHQW RI WKH B3UREOHP &K

+\SRWKHVLV &K

$GRBLRQ RI (QJLQHHULQJ 'HVLJQ 3URFHVYV )UDPHZRUN IRU 5RERW V
'"HYHORSPHQW DQG 2SWLPLVDWLRQ &K

%HQFKPDUN 1'7 DQG (QDEOLQJ
JLEUD U\ 5SHVWRUDWLRQHFKQRORJLHV
OHWKRGV &K
&K
&K

5HVHDUFK 'HYHORSPHQWYV 3+$6( 7:2

SSWREL RO sunwawiss L. '8 $950LFOWLRQ WR
VVHPEO\ &K 03,5 IRU
3DUDPHWHUV DQW® '"HYHORSPHQWQHULILFDWLRQ DQG WR
FULWHULD DQG *UDVS gDVH 6WXG\ ORGHO
5HSUHVHQWDWLRQ ORGHOOLQJ &K &K

DQG HYDOXDWLRQ

9HULILFDWLRQ DQG &DVH 6WXG\ ,PSOHPHQWDWLRQ 3+$6( 7+5((

9HULILFDWLRQ RI 03,5 &K
,PSOHPHQWDWLRQ RI *$ 2SWLPLVDWLRQ WR &DVH 6WXG\ &K

+\SRWKHVLV (YDOXDWLRQ

7HVWLQJ YLD 9DULHW\ Rl $SSOLFDWLRQV ORGHOOLQJ DQG *5%$63
6LPXODWLRQ &K

&RQFOXVLRQV

&RQFOXVLRQV &RPPHQWYV DQG 5HFRPPHQGDWLRQV &K
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J)LIXUH 5HVHDUFK OHWKRGYV

5 WHDUFK PHWKRGV OLVWHG LQ 6HFWLRQ DQG LQ )LJIX
GHYHORSPHQW SKDVHV ZLWKLQ WKH UHVHDUFK 7KH SUHOLPL
WKH SUHSDUDWRU\ DFWLYLWLHY VXFK DV OLWHUDWXUH UHYLI
GDWD DVVHPEO\ DQG FULWLFDO UHYLHZV RI WKH DERYH 7KFE
SKDVH IROORZV ZLWK WKH RULJLQDO LQSXW IURP WKH DXWKRL
DV SURWRW\SH DVVHPEO\ DQG HYROXWLRQ RI WKH RSWLPLVD)
WR RSWLPLVDWLRQ PRGHO RI WKH FDVH VWXG\ 2QFH DOO WI
GHYHORSHG WKH WKLUG SKDVH FRPPHQFHV ZLWK WHVWLQJ
LPSOHPHQWDWLRQ DQG H[SHULPHQWV ,QLWLDOO\ WKH PHWK
IRU WKH 03,5 IRU YHULILFDWLRQ 2QFH VXFFHVVIXO DQG WKHI
WKH PHWKRG FDQ EH IXUWKHU LPSOHPHQWHG WR WKH FDVH V!
YDULHW\ RI DVSHFWV +\SRWKHVLV HYDOXDWLRQ VHUYHV DV D

7TKHVLVY 2XWORRN DQG 6WUXFWXUH

7KH RULJLQDO SODQ RI WKLV UHVHDUFK ZDV WR GHYHORS
$,) WR RSHUDWH RQ VWHHO EULGJHV XVLQJ FRPSXWHU VLP>
WDNHQ ZDV WR GHWHUPLQH E\ FRPSXWHU VLPXODWLRQ DQG D
$,) DQG LWV DFFHVV V\VWHP LQFOXGLQJ WKH FRQWURO PD(
KDQGOLQJ UHTXLUHPHQWYV LQ WKH SHUIRUPDQFH RI EHQFKPDUN
WKH YHULILFDWLRQ RI WKH TXDOLW\ RI WKH RXWFRPH RI WKH V
ZLWK WKLV DSSURDFK ZDV WKH IDFW WKDW WKH FRPSXWHU |
WKHUHIRUH FRPELQLQJ WKH PRGHOVY IHDWXUHV SURYHG WR E
LQYHVWLIJDWH WKH SRWHQWLDO RI *$ DQG QHZ GLUHFWLRQ WR
FDPH IURP UHDGLQJ WKH DUWLFOH E\ *ROGEHUJ '( > @ 3’
$OJRULWKPV &RPH RI $JH

7U\LQJ WR REWDLQ WKH LQGHSHQGHQW VROXWLRQ XVLQJ W|
LQWHOOLJHQWO\ VHDUFK WKH URERW FRQILIXUDWLRQ VSDFH \
SUREOHP LV VROYHG E\ UHDOLVLQJ WKDW URERWLF IHDWXUHV I
PRUH EDVLF IHDWXUHV 7KHVH IHDWXUHV DUH HDVLHU WR PDQL.
ODUJH QXPEHU RI ZD\V WKDW OHDG WR D ODUJH VSDFH RI SRV
UHDOO\ KHOSHG LQ FRPELQLQJ DOO WKH HOHPHQWV ZDV
PHFKDQLVPV DUH GHYHORSHG LQ WKH VDPH JHQHUDO PDQQHU
EHHQ SURYHQ WR ZRUN 7KH DSSURDFK WDNHQ LQ IRUPXODWI
ELRORJLFDO DSSURDFK LQ WKH VHQVH WKDW WKH ILUVW SUR



VWUDLIJKWIRUZDUG DQG WKDW RQFH WKH PHWKRGRORJ\ KDV V.
VWUDLIJKWIRUZDUG SUREOHPVY PRUH GLIILFXOW WDVNV FDQ EH

7KH DXWKRU DOVR IHOW WKDW WKH DSSURDFK WR WKLV QH.:
IUDPHZRUN WR DFKLHYH PD[LPXP HIIHFWLYHQHVY 7KLV LV IRX(
DQRG WHFKQLTXHV RI WKH SKDVHV RI WKH HQJLQHHULQJ GHVLJ(
VWDJH RI VSHFLILFDWLRQ GHYHORSPHQW DQG RQH RI LWV
'"HSOR\PHQW 4)' SURYHG H[WUHPHO\ KHOSIXO LQ IXOO\ LG
PDQXIDFWXUHUVY UHTXLUHPHQWY FRPSHWLWLRQ EHQFKPDUNL
HQJLQHHULQJ UHTXLUHPHQWY WKHVH HDVLO\ WUDQVODWHG LC
'LVFRYHULQJ DQG DSSO\LQJ WKLV IUDPHZRUN (' DQG IXUWKHU
OHG WR DQRWKHU UHDOLVDWLRQ 7KH QHZO\ GHYHORSHG PHW
HIWHQGHG WR VSDQ RYHU FRQFHSWXDO DQG HPERGLPHQW VWD

7KLY WKHVLV LV GLYLGHG LQWR WKUHH PDLQ SDUWV DQC
$SSHQGLFHV $W WKLV SRLQW WKH DXWKRU ZRXOG OLNH WR Gl
WKDW WKH WKHRUHWLFDO JHQHUDO LQIRUPDWLRQ DERXW VWH]I
$OJRULWKPV LV LQFOXGHG LQ $SSHQGLFHV $ DQG % 6KH IH
FRPSHOOLQJ SDUW RI WKLV GLVVHUWDWLRQ DQG WKH\ GR QRW
RULJLQDO UHVHDUFK RU FROQWULEXWLRQ 7KLV LQIRUPDWLRQ |
UH DFTXDLQWHG ZLWK VRPH EDVLF LQWURGXFWRU\ LQIRUPDWLF

7KH ILUVW SDUW RI WKH PDLQ WKHVLV VHWV XS WKH SDUWL
DQG WKHLU REMHFWLYHV ZLWKLQ ZKLFK WKH V\VWHPTV GHYH
HQFRPSDVVHVY DOO WKH DFWLYLWLHV DQG SURFHGXUHV XQGF
VSHFLILFDWLRQ GHYHORSPHQW ,W ORRNV LQWR EULGJHV DQG
DVVHPEOHV WKH EHQFKPDUN OLEUDU\ DQG OLVWYVY FXVWRPHU Ut
LOQFOXGHV WKH UHYLHZ RI WKH LQVSHFWLRQ WHFKQLTXHV DQG
SURFHVV ZLWK GHVFULSWLRQ RI DOO WRROV DQG PHWKRGV DS
ZHOO DV DOO QHZ UHVHDUFK LQWR DXWRPDWHG V\VWHPV 7KH
DSSOLHG DXWRPDWHG DQG VHPL DXWRPDWHG V\VWHPV DUH DO
DV LOGHSHQGHQW DFFHVV PHWKRGY DQG V\VWHPV DQG WRRO
SbuUw DVVHPEOHY DOO WKH SUHSDUDWRU\ DQG LQIRUPDWLRQ JI

7KH VHFRQG SDUW ZKLFK LV WKH GHYHORSPHQWDO RQH IHH
SKDVH EXW LQFOXGHV DOO WKH RULJLQDO UHVHDUFK DQG FR
PRGHO RI WKH SURWRW\SH IURP ZKLFK WKH FDVH VWXG\ LV
HQJLOQHHULQJ UHTXLUHPHQWY LV DVVHVVHG DQG WUDQVIHUU
FRUUHVSRQGLQJ SDUDPHWHUY 7KHQ WKH RSWLPLVDWLRQ PHYV



*HQHWLF $OJRULWKP *$ LV DSSOLHG WR WKH PHWKRG XVLQJ
RXW LQ SDUDOOHO ZLWK WKH VRIWZDUH GHYHORSPHQW LQ
GHYHORSPHQW

'LWKLQ WKH WKLUG DQG ILQDO SDUW RI WKH PDLQ ERG\ RI V
WKH PHWKRG RQWR WKH YHULILFDWLRQ URERW DQG WKHQ RQW
WKH YHULILFDWLRQ RI ILQGLQJV REWDLQHG XVLQJ *$ E\ DSSO
FRQVLGHUHG URERW 03,5 >1DYRQ @ DQG WKH FRQILUPD)
VLPXODWLRQ XVLQJ WKH *5%$63 VRIWZDUH 7KHQ WKH DXWKRU G|
ZRUN LQ SDUWLFXODU DQ LQQRYDWLYH PHWKRG IRU DSSUDL\
QHZ DSSURDFK WR IRUPXODWLRQ RI WKH UHSUHVHQWDWLRQ DC
LOWR WKH SUHVHQWDWLRQ RI WKH DSSOLFDWLRQ RI *$ WR WZR
WKH RSWLPLVDWLRQ RI WKH NLQHPDWLF SDUDPHWHUV ZLWK U
VHOHFWLRQ RI WKH VXSHULRU FRQILIXUDWLRQ IRU WKH JLYHQ
WKH K\SRWKHVLY DQG D VXPPDU\ DQG UHFRPPHQGDWLRQV IRU
WKHVLV

7TKH IRXUWK SDUW FRQVLVWY RI UHIHUHQFHY DQG DOO WKH LC
WKH DX[LOLDU\ UHDGLQJ FRSLHV RI WKH VRIWZDUH DFURQ\PV

,Q RUGHU WR FRPH XS ZLWK D VXFFHVVIXO GHVLJQ RI D
DSSURDFKHV UHFRPPHQGHG ZLWKLQ (" QHHG WR EH XQGHUVW
&KDSWHU VHWYVY XS WKH SDUWLFXODU (" HQYLURQPHQW DQG
PHWKRGY VHOHFWHG DQG UHVWULFWLRQV LPSRVHG 7R DUULYH
LV WR GHWHUPLQH WKH PHDQV IRU FOHDUO\ H[SUHVVLQJ WKt
PHWKRG FKRVHQ PXVW EH XQDPELJXRXV DPHQDEOH WR FRPS)
LQGHSHQGHQW DQG DEOH WR H[SUHVV D ZLGH YDULHW\ RI FRQ
ZRUNLQJ HQYLURQPHQW FODVVLI\LQJ DQG DVVHVVLQJ VWHHO E
DQG LGHQWLI\LQJ WKH OLEUDU\ RI EHQFKPDUNYV ,Q &KDSWHU
WRROV DQG PHWKRGV DUH GLVFXVVHG ZLWK HPSKDVLV SXW RC
DXWRPDWLRQ DSSOLFDELOLW\ WRIJHWKHU ZLWK UHYLHZV RI WK
WKH VDPH SHUVSHFWLYH &KDSWHU HIDPLQHV WKH WDVN IURP
WKH HQDEOLQJ WHFKQRORJLHV VXFK DV DFFHVV VA\VWHPVY DQG V
FRQFOXGHV WKH SUHSDUDWRU\ VWDJHV

&KDSWHU VHWV RXW WR DVVHPEOH WKH SURWRW\SH RSWLR(
DQG WKHQ WKH FULWHULD DQG SDUDPHWHUV VHOHFWLRQ 7KH
FDVH VWXG\ LV GHYHORSHG &KDSWHU DSSOLHVY D WRRO *$ D
FDVH VWXG\ PRGHO ZKLFK SURYLGHV WKH SUHYLRXVO\ GHV



I[JUDHZRUN RI WKH HQJLQHHULQJ GHVLJQ SURFHVV WKH EDVLF
$SSHQGL[ % 7KH QH[W VWHS LV WR LQWURGXFH WKH FRPSXW
EDVLF FRPSXWLQJ WRROV IRU JHQHWLF FRPSXWDWLRQ WKHQ
IRUPXODWLQJ PRGLILFDWLRQV WR VXLW WKH QHZ DSSOLFDWLRC
SURFHVV ILQDOLVHYV &KDSWHU )LQDOO\ )2575%$1 VRIWZDUH L
FRPSXWDWLRQV ZLWK WKH IXOO0O YHUVLRQ RI VRIWZDUH XVHG |

%YHIRUH WKH UHVXOWY IURP WKH SURSRVHG FRPSXWDWLF
YHULILFDWLRQ RI WKH SURSRVHG PHWKRG LV UHTXLUHG 7KLV
SUREOHP WR ZKLFK WKH VROXWLRQ LV HLWKHU ZHOO NQRZQ
PHDQVY 7KH URERW WDNHQ IRU YHULILFDWLRQ LV WKH 03,5 GH
VHULHY RI WDVNV LQ LQWHULRU ILQLVKLQJ RI D SUHIDEULFDYV
GHYHORSHG E\ WDVN DQG FRQILIXUDWLRQ DQDO\WLY DQG RSWL
03,5 GHYHORSPHQW DQG YHULILFDWLRQ RI WKH RXWFRPH XVLQ
*$ LV GHDOW ZLWK LQ &KDSWHU

6LQFH WKH DXWKRUfV SULPDU\ LQWHUHVW LV GHVLJQ RI DQ
DG UHVWRUDWLRQ RI VWHHO EULGJHV WKLV LV WKH SUREOHP
URERW LQYROYHV RSWLPLVLQJ NLQHPDWLF DQG G\QDPLF SDUDF
LV WKH RSWLPLVDWLRQ RI NLQHPDWLF SDUDPHWHUYV RQO\ DQG
SDUWLFXODU DSSOLFDWLRQ 7KH UHVXOWY DQG WKH YDULHW
&KDSWHU DQG WKH RXWFRPH IRU WKH QHZ *$ DSSURDFK L
SURFHGXUHYV DUH LQWURGXFHG WR WKLY PRGHO ,Q WKH ILUVW
SRSXODWLRQV DUH DSSOLHG LQ RUGHU WR UHGXFH WKH VFDOH
WKH GHYHORSPHQW RI WKH VROXWLRQV DQG WKLV LV FRPELQH
WKH SDUDPHWHU VKDULQJ QLFKLQJ WR LPSURYH WKH *$ SHU
FROQOWURO SDUDPHWHUYV DUH XVHG LQ YDULRXV FRPELQDWLRQV
PHWKRG LV LQYHVWLIJDWHG LQ RUGHU WR IXUWKHU HQKDQFI
LQIOXHQFH RQ WKH TXDOLW\ RI WKH VROXWLRQ

*5$63 PRGHOOLQJ LV DOVR GHYHORSHG LQ &KDSWHU VR D\
URERWTYV SDUDPHWHUYVY RSWLPLVHG ZLWK *$ DUH LQSXW LQWR
VRIWZDUH *5%$63 DQG WKH DGGLWLRQDO FRQIRUPDWLRQ RI WKl
RXW

7TKH FRQFOXVLRQV DUH JLYHQ LQ &KDSWHU J)LQDOO\ WR D
XVH RI WKH *$ IRU URERWY{V SDUDPHWHU RSWLPLVDWLRQ WK
DGGUHVVHG LQ &KDSWHU



L 7R ZKDW GHJUHH DUH WKH FULWHULD RI WKH RSWLPLVD

LL 'R WKH JHOHUDWHG GHVLJQV DFFRPSOLVK WKH VSHFLI
LLL $UH WKH JHQHUDWHG GHVLJQV UHODWHG WR WKH SUE
LY +RZ SUDFWLFDO LV WKH PHWKRG WLPH DQG FRPSOHI[L'

JXUWKHU &KDSWHU DQVZHUV WKH DERYH TXHVWLRQV VXE
VXIIHVWYV WKH IXWXUH ZRUN



3DU W2Q H

/LW HUDW SHUYHHLHEZ Q G6X SSR U W LQ J

6W X GLHYV



&KDSWHU UWHUDWMNYLH Z

,QWURGXFWLRQ

7KH ZRUN SUHVHQWHG LQ WKLV WKHVLV LV PRWLYDWHG E
VI\VWHPDWLFDOO\ VWDUWLQJ E\ UHYLHZLQJ WKH OLWHUDWXUH
RI' lRUPXODWLQJ D SURFHGXUH IRU GHVLIJQLQJ URERWYVY LW EH
IRU GHVLJQLQJ FHUWDLQ FODVVHV RI VA\IVWHPV ZRXOG QRW RQ
URERWY EXW DOVR D PHDQV IRU GHVLJQLQJ D ZLGH YDULHW\
QHFHVVDU\ WR VWXG\ WKH JHQHUDO OLWHUDWXUH RQ GHVLJQ
UHYLHZ WKH OLWHUDWXUH LQ WKH DUHDV RI JHQHWLF DOJI
DSSOLFDWLRQV RI WKHVH PHWKRGV WR SDUDPHWULF GHVLJQ D
WKH *$ DSSOLFDWLRQ LQWR YDULRXVY DVSHFWV Rl URERWVT |
6LQFH ZLWKLQ WKLV GLVVHUWDWLRQ WKH DXWKRU XVHV WKH
DQG WKHQ YHULILHV WKH UHVXOWY XVLQJ FRPSXWHU VLPXODW|
RI RWKHU XVHV LV LQFOXGHG 7KH ZKROH PHWKRGRORJ\ DQG D
HI[IDPSOH RI VWHHO EULGJH UHVWRUDWLRQ 7KLV FRYHUV L
SUHSDUDWLRQ SDLQW VWULSSLQJ DQG UH FRDWLQJ $ VXUYH
LOQWR GHWHULRUDWLRQ LWVHOI FRPPHQFHVY WKH H[DPLQDWLR
OLWHUDWXUH LQ WKH DERYH DUHDV DQG 6HFWLRQ VXPPDULYV

'HVLIQ OHWKRGRORJ\

7KH ZRUN LQ WKH ILHOG RI PHFKDWURQLFV GHVLJQ PHWKR!
H[LVWV D SDSHU WKDW SURYLGHV D UHYLHZ RI FXUUHQW UHVH
WKH XQLQLWLDWHG >)LQJHU DQG 'L[RQ D DQG E@ 5DWKI
SDSHU WKLV EULHI RYHUYLHZ KLJKOLJKWYV VHYHUDO ZRUNV Wk
DQG H[DPLQHV RWKHU ZRUNV WKDW SUHVHQW VLPLODU DSSURD

$WWHPSWV WR PRGHO DQG IRUPDOLVH WKH GHVLJQ SURFHVYV
VL[WLHV ,Q HQJLQHHULQJ GHVLJQ WKHVH DWWHPSWV KDYH
FRPSULVLQJ IRXU VWDJHV (VSHFLDOO\ )UHQFK > @ 3DKO I
> @ GHVFULEH WKLV PRGHO LQ VHYHUDO WH[WERRNV LQ VOL.
PRGHOV DUH WKRVH RI 800PDQ > @ DQG 3XJK > @



LWKLQ WKH FRQWH[W RI WKH IRXU SKDVH PRGHOV RI GHVL
ZKHUH WKH FXUUHQW ZRUN ILWV LQWR WKLV W LV VXJIHVWHOG
WR SUHOLPLQDU\ FRQFHSWXDO DQG HPERGLPHQW GHVLJQ SKD

$OWKRXJIK 3DKO DQG %HLW]V ZRUN SURYLGHV D VROLG IUD
RXW HQJLQHHULQJ GHVLJQ HQJLQHHULQJ GHVLJQ KDV \HW WR
E\ "\P > @ LV XVHG LQ WKLV UHVHDUFK 3(QJLQHHULQJ GHVLJ
JHQHUDWLRQ DQG HYDOXDWLRQ RI VSHFLILFDWLRQV IRU GHYLF
VWDWHG REMHFWLYHYV DQG VDWLVI\ VSHFLILHG FRQVWUDLQWYV
FRPHY FORVHVW WR GHVFULELQJ WKH SURFHVV RI HQJLQHHUL
JHQHWLF GHVLJQ PHWKRGRORJ\ 2QH RI WKH NH\ XQGHUO\LQJ
GHILQLWLRQ LV WKDW KLHUDUFKLHY RI UHSUHVHQWDWLRQ IRU
WKHVH UHSUHVHQWDWLRQV FDQ EH PDQLSXODWHG ,Q DGGL'
UHSUHVHQWDWLRQV FDQ EH WUDQVODWHG LQWR RWKHU UHSUH!'

7KHUH H[LVW QXPHURXV WHFKQLTXHV IRU UHSUHVHQWLQJ V)
PRVW JHQHUDO LV WKH IXQFWLRQ ORJLF PHWKRG RI YDOXH DQC
WKLV D KLHUDUFK\ RI QRXQ YHUE SDLUV UHSUHVHQWY WHFKQL
$OWKRXJIK WKLV WHFKQLTXH LV FDSDEOH RI H[SUHVVLQJ D
FRPSXWHU LPSOHPHQWDWLRQ LV GLIILFXOW DQG LW ODFNV VRP
UHODWHG PHWKRGRORJ\ E\ &DJDQ DQG $JRILQR > @ SUHVHC(
IURP WKH EDVLF XQGHUO\LQJ SULQFLSOHVY $OWKRXJIK WKLV P
FHUWDLQ VWUDLIJKWIRUZDUG SUREOHPV LW GRHV QRW DSSH
PRUH FRPSOH[ VA\VWHPYV

$QRWKHU DSSURDFK XVHG LV ERQG JUDSKV >)LQJHU DQG 5LQ
DXWKRUV VWDWH 'XULQJ WKH GHVLJIQ SURFHVV D GHVLJQHU
GHVFULSWLRQ IRU D GHYLFH LQWR D SK\WLFDO GHVFULSWL
UHTXLUHPHQWYV 7KLV GHILQLWLRQ LV TXLWH VLPLODU WR WK
JRDO WKH DXWKRUV SURSRVH XVLQJ ERQG JUDSKY D WRRO IR
SDUDPHWHU G\QDPLF V\VWHPV WR DFKLHYH WKH UHTXLUHG V
WHFKQLTXH ZRUNV ZHOO LQ WKH GRPDLQ IRU ZKLFK LW LV LQ\
WKLY UHSUHVHQWDWLRQDO GRPDLQ FDQ EH H[WHQGHG $OVR
PHWKRGRORJ\ IRU DXWRPDWLQJ WKH SURFHVV D QHFHVVDU\
DOWHUQDWLYHV IURP ZKLFK WKH GHVLIQHU FDQ FKRRVH



2ZWKHU PHDQV Rl UHSUHVHQWDWLRQ LV WKH XVH RI IRUPDC
GHYHORSHG WKH FRQFHSW RI VKDSH JUDPPDUV SHUIRUPHG VF
DUHD 6KDSH JUDPPDUV ZKLFK DUH XVHG WR GHVFULEH SODQL
EH HTXLYDOHQW WR RWKHU W\SHV RI IRUPDO JUDPPDUV >*LSV
0XOOLQVY DQG 5LQGHUOH > @ 5LQGHUOH > @ DQG 6FKPLGV
JUDPPDUV IRU WKH GHVLJQ RI PHFKDQLFDO VA\VWHPV ,Q WKH FI
DQG 5LQGHUOHYY SDSHU WKH DXWKRUV VWDWH WKDW WKHUH
JUDPPDWLFDO IRUPDOLVP WR PHFKDQLFDO GHVLJIJQV 2QH RI W
JRRG GHVLJIQV

6FKPLGW DQG &DJDQ > @ SURSRVH DQ DEVWUDFWLRQ PRC
FRQFHSWXDO GHVLJQ SURJUHVVHV DORQJ VHYHUDO OHYHOV |
EODFN ER[ GHVFULSWLRQ °3:FRQYHUW HOHFWULFDO HQHUJ\ LQW
FRPSRQHQW WHFKQRORJ\ GHVFULSWLRQ XVH DQ HOHFWULF
JubPPDU WKDW FDQ GLVWLQJXLVK EHWZHHQ GLIITHUHQW OH"®
FRPSDWLEOH DFURVV WKH GLIITHUHQW OHYHOV 7KH VWULQJV
PDQLSXODWHG E\ D UHFXUVLYH DQQHDOLQJ SURFHVV WR SU
GHVLIQHU VSHFLILHG REMHFWLYH IXQFWLRQ +RZHYHU WKHUH
DSSURDFK WKDW PD\ OLPLW LWV DSSOLFDELOLW\ WR PRUH FI
SUREOHP LOOXVWUDWHG LQ WKH SDSHU

7KH DXWKRU EHOLHYHVY WKDW WKH *$ PHWKRG RI VHDUFK SU
WR VLPXODWHG DQQHDOLQJ IRU WKLV W\A\SH RI SUREOHP IRU VH
WR ZRUN RQ D YDULHW\ RI SUREOHPYVY ZLWK VLPLODU UHSUHVHQ
VHQVLWLYH WR WKH SURSHU VHOHFWLRQ RI FRQWURO SDUDPHW

7KH UHFHQW ZRUNV RI WZR VHWV RI DXWKRUV GHVHUYH VSH
ORRN DW *$ WR SURYLGH PHWKRGRORJ\ IRU VROXWLRQ LQ\
DSSURDFKHYV YDU\ IURP HDFK RWKHU DQG IURP WKH DSSURDEFK
WKHVLYV EXW VHUYHG WR EURDGHQ WKH DXWKRU V VSHFWUX
GHYHORSPHQW

,Q WKH ILUVW >0DKHU DQG .XQGX @ WKH DXWKRUV
SHUIRUPLQJ DGDSWLYH GHVLJQ XVLQJ JUDSK UHSUHVHQWD)
PDQLSXODWLRQV 7KH LOOXVWUDWLYH SUREOHP XVHG LV WKH
IRU GHVLJQ UHOLHV HQWLUHO\ RQ WKH HQFRGLQJ RQ WKH GH’
UHVXOWY LQ WKH VROXWLRQ WR DQ RSWLPLVDWLRQ SUREOHP
DOWHUQDWLYH VHDUFK VSDFH UHSUHVHQWDWLRQ WR D SUREO



WH VHDUFK SURJUHVVHV $OWKRXJK WKLV ZRUN GRHV DFKL
WRSRORJLHV WKDW VDWLVI\ FHUWDLQ FRQVWUDLQWY WKHUH L
HIWHQGHG LQWR RWKHU GRPDLQV ,Q DGGLWLRQ WKHUH LV C
QXPHULF YDOXHV LQWR WKLV PHWKRGRORJ\

,Q WKH VHFRQG ZRUN >/RKPDQQ @ DQG >/RKPDQQ @
PHWKRGRORJ\ FDOOHG *VWUXFWXUH HYROXWLRQ  IRU GHWHUPL
DQ REMHFW 7KLV ZRUN LV EDVHG RQ DQ DGDSWDWLRQ RI
PHWKRGRORJ\ WKDW LV UHODWHG WR *$ 7KH DXWKRU DSSHDU\
LVVXHV FHQWUDO WR WKH HYROXWLRQ LWVHOI VXFK DV XVLQJ
WR GHILQLQJ D VWUXFWXUH LQWR ZKLFK RWKHU SUREOHPV FD¢
SUHVHQWY VROXWLRQV WR IRXU SUREOHPV LQ IRXU GLYHUVH
REWDLQHG IRU HDFK RI WKH H[DPSOH SUREOHP GRPDLQV WKH!
JLUVWO\ WKH DXWKRU GRHV QRW H[SODLQ KRZ WKH SUREOHPYV
EH IRU SUDJPDWLF UHDVRQV LH SDJH OLPLWDWLRQV 6HF
YDULDWLRQ SHUPLWWHG LQ WKH YDULRXV SUREOHPY DSSHDUYV
QRW SUHVHQW D PHDQV IRU DGDSWLQJ WKLV PHWKRGRORJ\ WR
GRHV SUHVHQW JRRG UHVXOWV LW VHHPV WKDW WKLV ZRUN L
UHTXLUH D SDUWLFXODU PHDQV RI UHSUHVHQWDWLRQ

)LQDOO\ DQRWKHU DXWKRU ZKRVH ZRUN KDV D GLUHFW E
.URWWPDLHU > @ +H FRPSLOHV WKH PHWKRGRORJLHV IRU X
WKH SULPDU\ GHVLJQ LV FRPSOHWHG WKH RSWLPXP YDOXEF
SDUDPHWHUVY KDYH WR EH GHWHUPLQHG 7KH DLP LV GXULQJ
DUULYH DW D VXLWDEOH SDUDPHWHU FRPELQDWLRQ WR GHYH
XQGHU VSHFLILHG YDU\LQJ FRQGLWLRQV .URWWPDLHU SU]
PHWKRGY L FODVVLFDO LL 7DJXFKL LLL 6KDLQLQ DQG L
GHVLJQ PHWKRGY DUH WKH RSWLPDO WRRO IRU SURGXFW GHYH
VLQFH WKH\ DUH EDVHG QHLWKHU RQ GHWHUPLQLVWLF QRU RQ

,Q DGGLWLRQ WR WKHVH ZRUNV D QXPEHU RI UHVHDUFKHUV
GHVLJQ SURFHVV LWVHOI WKDW LV KRZ SHRSOH GR GHVLJC
H[DPSOH

$W WKLV SRLQW WKH DXWKRU IHHOV WKDW WKH FRQWHQWYV
E\ UHIHUHQFH WR WKH 4)" WHFKQLTXH XVHG WR JHQHUDWH WH!
SDUW RI WKH (' DQG VRPH DXWKRUV LVRODWH LW DV DQ DGGL
LQIRUPDWLRQ VWUXFWXUH DQG TXDOLW\ DFKLHYHG XVLQJ 4)'



HVHDUFK 3DUWLFXODUO\ WKH IXQGDPHQWDO LVVXHV L ZKR
WKHLU UHTXLUHPHQWYV LLL HYDOXDWLQJ WKH FRPSHWLWLR
VSHFLILFDWLRQV DQG ILQDOO\ Y VHWWLQJ WDUJHWY IROOF
SHUIHFWO\ ILW WR XVH IRU D FRQVWUXFWLYH UHVHDUFK IUDPH.

JURP WKH SHUVSHFWLYH RI WKH FXUUHQW VWXG\ WKH NH\ I
LV WKDW HQJLQHHULQJ GHVLJQHUV DUH TXLWH DGHSW DW RSWI
DW JHQHUDWLQJ DOWHUQDWLYH GHVLJIQ RSWLRQV 7KLV ILQGLC
VKRUWFRPLQJ LQWR WKH DSSURDFK RI WKH FXUUHQW UHVHDUF|

'HVLJQ DQG 2SWLPLVDWLRQ OHWKRGV IRU (QJLQHHULQJ 6

'HYHORSLQJ D QHZ URERW RU DXWRPDWHG V\VWHP LV XVXDC
VWDJHV RI WKH HQJLQHHULQJ GHVLJQ SURFHVV VHH WKH ¢
SUHVHQWY D VWXG\ LQ GHYHORSPHQW RI DQ DXWRPDWHG FUDF
VWDJHV RI WKH SURFHVV 7KH NLQHPDWLF GHVLJQ DQG WKEF
KRZHYHU QRW VLQJOHG RXW DQG MXVWLILHG EXW UDWKHU EX
DQG HFRQRPLFV

2SWLPLVDWLRQ RI DQ\ HQJLQHHULQJ V\WWHP LV MXVW RQH
HQJLQHHULQJ GHVLJQ SURFHVV 2SWLPLVDWLRQ RI VHOHFWHG
PRGHOOLQJ H[SHULPHQWDWLRQ VLPXODWLRQ DQDO\VLV DQG
FRQFHUQLQJ WKH RSHUDWLQJ HQYLURQPHQW )RU GLIIHUHQW
PRUH LPSRUWDQW WKDQ RWKHUV DUH DQG WKH W\SH RI UR
DFFRUGLQJO\ 7KH LQLWLDO VWHS IRU DQ\ URERW RSWLPLVDW
SUREOHP XQGHU GHVLJQ DQG DV D UHVXOW WR LGHQWLI\ DQC
JHQHUDWH D JHRPHWULFDO GHVFULSWLRQ NQRZQ DV FRQILJ
VHFRQG VWHS IRFXVHV RQ HVWDEOLVKLQJ DOO WKH SDUDPHWFE
DQG WKHQ VHOHFWLQJ DQG HYDOXDWLQJ WKH PRVW LPSRUWDQ
SDUDPHWHUV DW DQ RSWLPXP YDOXH VHYHUDO WHFKQLTXHV F

2QH LVVXH WKDW PXVW EH DGGUHVVHG LQ PDQ\ GHVLJQ SUF
WKH DEVROXWH VL]H RI D GHYLFH DQG LWV UHODWLYH VL]H ZL
WKH URERW GHVLJQ SUREOHP WKH LVVXH RI VFDOLQJ DULVH)\
VSHFLI\LQJ WKH VL]HV RI WKH URERW{V HOHPHQWY WR DOORZ |
HYDOXDWLRQ SKDVH GXULQJ ZKLFK WKH URERW PXVW QHJRWL
H[DPSOH IURP WKH URERW V SHUVSHFWLYH WKHUH DUH WZR
HQYLURQPHQW WR VLPSO\ LJQRUH LW WKH URERW LV PXFK O



DURXQG WKH IHDWXUH WKH URERW LV RI VLPLODU VL]H RU \
VRXUFHVY UHSRUW WKH HIIHFWV RI VFDOLQJ RI ELRORJLFDO V\!
UHSRUWY RQ WKH HIIHFWV RI VFDOLQJ LQ URERWVYV >.DQHNR
PDNHV D QXPEHU RI VLPSOLI\LQJ DVVXPSWLRQV ZKLFK PD\ OL|
GHVLJQLQJ URERWYV LW SURYLGHVY D VROLG DQDO\WLFDO EDVL)
XVHG WR GHWHUPLQH HQYLURQPHQWDO ERXQGDULHY .OLQH >
RI GLPHQVLRQDO DQDO\WLY EXW GRHV QRW DSSO\ LW WR SDUW

7KH PDMRULW\ RI SDSHUV SUHVHQWLQJ VWXGLHV RQ URERW
RI WZR FDWHJRULHYV L FKRRVLQJ DQ DSSURSULDWH W\SH RI L
RU LL PDWFKLQJ WKH NLQHPDWLF GHVLIQ WR WKH WDVN LQ
VHTXHQFH RI WKH WRRO 1HLWKHU SURYLGHYVY DQ DQDO\WLF H]J
FRQILIXUDWLRQ 1IDYRQ > @ ZKR IDOOV LQWR WKH ILUVW
FRQILIXUDWLRQ XVLQJ FRPSXWHU VLPXODWLRQ RI WKH WDVN I
HYDOXDWHYV WKH VXLWDELOLW\ RI WKH VL[ FRQILIXUDWLRQ DO
FRQILIXUDWLRQ LV LQQDWHO\ VXSHULRU WR WKH RWKHUV EX
DSSOLFDWLRQ RQH RI WKH FRQILIJXUDWLRQV PD\ EH VXSHULRU
VKRZLQJ WKH UHODWLYH VWUHQJWKY DQG ZHDNQHVVHV RI WK
HQJLQHHU PLJKW FKRVH RQH RI WKH RWKHU FRQILIJXUDWLRQ
I1IDYRQ V ZRUN FOHDUO\ LOOXPLQDWHY WKH GLIILFXOW\ RI FKRR
ZKHQ PXOWLSOH REMHFWLYHV H[LVW 7KH VHFRQG JURXS LV U

UHOHYDQW OLWHUDWXUH ([DPSOHV LQFOXGH WKH PDVRQU\ UR
*HUPDOQ\ >3ULWVFKRZ HW DO @ FRQFHSW RI D URERW IR
.DUOVUXKH *HUPDQ\ >6SDWK DQG $QGUHYV @ DQG WKH UHSH

Hw DO > @ 7KH LPDJLQDU\ VHTXHQFH RI WDVNV LV SUHVH
PRYHPHQW DQG ILQDOO\ D VXLWDEOH FRQILIJXUDWLRQ LV ILWW
UHODWLYHO\ LQH[SHQVLYH EXW LW GRHV QRW JXDUDQWHH W
LVVXHV WKH LQWHQW RI WKHVH SURMHFWYV VHHPV WR EH PF
IHHGEDFN JDLQ SDUDPHWHUY UDWKHU WKDQ GHWHUPLQLQJ SH

7KH ZKROH JURXS RI SXEOLFDWLRQV GHDOV ZLWK HQKDQFLQ
VI\VWHPV VR pLPSURYHPHQW GHVLJQY LV WDNLQJ SODFH 7KH
WU\ WR LQFRUSRUDWH WKH PHDQV RI PRYHPHQW XVXDOO\ E\ Z
SDSHUV FRPSDUH GLIIHUHQW W\SHV RI PHFKDQLVPV IRU XVH D\
>5\DQ DQG +XQW @ $OWKRXIK SXUSRUWHGO\ IRU URERWL
GLVFXVVLRQV RI WKH NLQHPDWLFV RI PHFKDQLVPV LQ FKDSWH



DOLVW RI OHJ SURSHUWLHY DQG LPSRUWDQW DWWULEXWHYV IRL
SUHVHQWHG KRZHYHU WKHVH OLVWVYV SUHVHQW D QXPEHU

FRQILIJIXUDWLRQV WKDW WKH *$ PHWKRGRORJ\ VKRXOG EH FL
DSSURSULDWH UHSUHVHQWDWLRQ +RZHYHU DIWHU WKLV LQLYV
WKH GHYHORSPHQW LQ WKH ORFRPRWLYH VA\VWHP LQ URI
GLVSURSRUWLRQDOO\ VORZO\ FRPSDUHG WR WKH WDVN UHTXL
DW WKH HDUO\ VWDJH WKDW WKH URERW LV GHOLYHUHG WR
ORFRPRWLRQ LV DEDQGRQHG

*$ LQ 2SWLPLVDWLRQ

7KH SULPDU\ VRXUFH IRU *$ WKHRU\ LV +ROODQG V ERRN
WKHRU\ DQG VHWV WKH VWDJH IRU IXWXUH GHYHORSPHQWYV 7K
DQG GRHV QRW SURYLGH DQ\ UHDO ZRUOG H[DPSOHV $QRWKF

ERRN 7KLV ERRN GRHV QRW GLJ DV GHHSO\ LQWR WKH PDW!|
UDWKHU SUHVHQWY PRUH RI D XVHUYV JXLGH WR *$ SURYLGL
OLVWLQJ RI WKH WKHQ FXUUHQW DSSOLFDWLRQV XVLQJ *$%

%YHFDXVH RI WKH PHDQV RI UHSUHVHQWDWLRQ *$ LV QRW
SUREOHPYV $ JRRG H[DPSOH RI WKLV OLPLWDWLRQ LV SUHVHC(
ZKLFK WKH DXWKRU XVHV D *$ W\SH DSSURDFK EXW GRHV QR
FKURPRVRPDO UHSUHVHQWDWLRQ UHIHU WR $SSHQGL[ % IRU
FRQFHSWY DQG WHUPLQRORIJ\ 6LQFH *$ ZRUN EHVW ZLWK IL
GHVLIQ UHVHDUFK KDV EHHQ OLPLWHG WR SUREOHPV ZKRVH W
SDUDPHWULF YDOXHV FDQ KH FKDQJHG 6RPH H[DPSOH DSSOLF
SDUDPHWHU HVWLPDWLRQ ILOWHU GHVLJIQ VFKHGXOLQJ WUX
SURFHHGLQJV RI WKH DQQXDO FRQIHUHQFH RQ JHQHWLF DOJR
HQGOHVY QHZ *$ DSSOLFDWLRQV >5DZOLQV @ >:KLWOH\
DQG %RRNHU @ DQG >)RUHVW @

$ FODVVLFDO SXEOLFDWLRQ RQ WKH *$ LV 'DYLVIV > @ 3+
SDUW KH FRQVLGHUY JHQHUDO IHDWXUHV Rl *$ ZKLFK LV ZUL
WKH VHFRQG SDUW LV PDLQO\ HGLWRULDO ZRUN LPSOHPHQWL
SXEOLFDWLRQV RQ *$ DSSOLFDWLRQ WR RSWLPLVDWLRQ LQ YD
FODVVLFDO WUDYHOOLQJ VDOHVPDQ DQG VFKHGXOLQJ DQG PD
UHYDOLGDWLQJ *$9V SHUIRUPDQFH ZLWK QRQ OLQHDU G\QDPLF
RSWLPLVDWLRQ



7R FODULI\ WKH H[DFW ZD\V *$ ZRUN LQ UHODWLRQ WR QHX!I
%DXHUfV > @ 3*$ DQG ,QYHVWPHQW 6WUDWHJILHV LV LPSRUW
LW LQWURGXFHV PDQ\ WHFKQLTXHV WKHQ FRQFHQWUDWHV RQ
LQYHVWPHQW VWUDWHJLHY GHPRQVWUDWHY WKH YDOXH RI *$
WUDGLQJ LGHDV

*ROGEHUJ LQWURGXFHG WKH QRWLRQ RI PHVV\ *$ >*ROGE
WHFKQLTXH WKH FKURPRVRPH VL]H RI WKH PHPEHUV RI WKH S
EH Rl WKH VDPH OHQJWK 7KH DGGLWLRQDO IUHHGRP DOORZV \
REMHFWV DQG SHUPLWV WKH FUHDWLRQ RI QHZ REMHFWYV

*$ LV DOVR XVHG LQ FODVVLILHU V\VWHPV D W\SH RI PDFK
IRUPXODWHG IURP D QXPEHU RI SURGXFWLRQV VWDWHPHQWYV V
 7+(1v! DFWLRQ %\ HVYWDEOLVKLQJ D VHW Rl WKHVH SURGXFWL
FDVHV WKH DOJRULWKP LQFUHDVHV WKH ZHLJKW DVVLJQHG WR
WKH OHDUQLQJ SKDVH 2QFH WKH ZHLJKWV KDYH EHHQ DVVLJQF
FODVVLILHU V\VWHP DQG UHVXOWV REWDLQHG 20LYHU > @
WHFKQLTXH FDQ EH DSSOLHG WR SUREOHPV ZLWK PXOWLSOH R
DVVXPH WKDW DQ HYDOXDWLRQ RI WKH sRRRORGDWKHGSYRBHD |
GLVFRYHUV WKH UXOHV XVHG WR JHQHUDWH WKH UDQNLQJ $0O
VWUDLJKW IRUZDUG PHDQV IRU KDQGOLQJ PXOWLSOH REMHF\
DUWHIDFW GHVRWDQNMLQJY DUH QRW DYDLODEOH VR LW LV QRW
FODVVLILHU VIVWHP DSSURDFK FRXOG EH XVHG WR VROYH WKLV

)LQDOO\ WKH PRVW UHFHQW SXEOLFDWLRQ E\ OLWFKHOO
HL,QWURGXFWLRQ WR *HQHWLF $OJRULWKPVY EHJIV D IHZ FRPP
WKLV LV WKH IDFW WKDW FHUWDLQ DVSHFWV RI *$ PHFKDQLYV
PXWDWLRQ DQG FURVVRYHU DQG RWKHUV LQYHVWLJDWHG WR
H[DPSOH $OVR WKH *$ DSSOLFDWLRQV PHQWLRQHG DUH UHG
PRGHOV DQG JHQHUDO SUREOHP VROYLQJ

*$ LQ (QJLQHHULQJ 'HVLJQ RI 6\WVWHPV DQG 5RERWYV

0ODQ\ RI WKH FXUUHQW SXEOLFDWLRQV UHODWHG WR *$ DUH I
QRW XQH[SHFWHG GXH WR WKH UHODWLYH QHZQHVV RI WKHVH
WKLV WKHVLV ZKLOH QRYHO LQ LPSOHPHQWDWLRQ XWLOLVHYV
VLPSOH *$ 6*$ DV GHVFULEHG E\ *ROGEHUJ > @ DV ZHOO
+*$ 6*$ LV GRPDLQ LQGHSHQGHQW JHQHUDO SXUSRVH DOJ



EDODQFH EHWZHHQ WKH EHVW VROXWLRQ H[SORLWDWLRQ DQG
XVHV QRQ RYHUODSSLQJ SRSXODWLRQV DQG RSWLRQDO HOLW
VHDUFK XVLQJ VWDQGDUG RSHUDWRUV 7KHUH DUH PDQ\ VLV
SHUIRUP SDUWLFXODUO\ ZHOO DQG YDULRXVY PHWKRGV RI K\EUL
RI K\EULG WHFKQLTXHV SURSRVHG LV QXPHURXVSDQRUKILWKLY LP
RQH LV WKH PRVW VXLWHG WR WKH SDUWLFXODU FDVH 2QO\
SDUDOOHOV SURYLGHV WKH UHDVRQDEOH JXLGDQFH 7KH PHWI
WKH DXWKRU EXLOW IURP 6*$ DQG DGGHG ORFDO LPSURYHPHC
SRSXODWLRQV )XWXUH ZRUN PLJKW LQFOXGH LPSOHPHQWLQJ
GRQH LQ WKH *$ ILHOGV WR LPSURYH WKH SHUIRUPDQFH RI WKF

7KUHH DUWLFOHV XVH *$ WR VROYH PHFKDQLFDO GHVLJQ S
+ZDQJ @ VWDUWV ZLWK D XVHU VSHFLILHG FRQILJXUDWL
DSSURSULDWH SDUWV IURP D FDWDORJXH 7KH VHFRQG >3KD
WUDQVPLVVLRQ EDVHG RQ XVHU UHTXLUHPHQWYV IURP D VHW
>%XOORFN HW DO @ UHYLHZV WKH DSSOLFDWLRQ RI *$ WR
GHVLJQ FDUULHG RXW LQ 30\PRXWK (QJLQHHULQJ 'HVLJIQ &
FRQVLGHUDWLRQ LQFOXGHG GHVLJQ RI DUFK GDPV EXLOGLQJV
WKHUPDO F\FOH RI QXFOHDU SRZHU VWDWLRQV $00 VKRZ WKI
GHVLJQ DUH YLDEOH WKRXJK QHLWKHU FRXOG EH DSSOLHG W
GHVLJQ DV WKH ZRUN SUHVHQWHG LQ WKLV WKHVLV (YHQ WK
DQG &KHQJ > @ VKDUHV WKH DERYH H[SODLQHG VKRUWFRPLQ

S5RERWLF VIVWHPV DUH NQRZQ WR EHQHILW JUHDWO\ LI WKH
PHFKDQLFDO VWUXFWXUH FRQWURO FLUFXLWU\ WUDMHFWRU
>'DYLGRU @ 6HYHUDO DVSHFWV RI URERWLF GHVLJQ DC
SUHYLRXVO\ DGGUHVVHG XVLQJ *$ 3UREOHPV VXFK DV PRELC
>=KDR HW DO @ URERW PRWLRQ SODQQLQJ >$KXDFW]LQ
>%DED DQG .XERWD @ DQG GHVLJQ RI UHGXQGDQW PDQLSX

@ IRXQG WKHLU DSSURDFK MXVWLILFDWLRQ LQ XVLQJ JHQ
SXEOLFDWLRQV DERYH UHSUHVHQW WKH ZKROH JURXS RI ZRUNV
RI FRQWURO DQG WUDMHFWRU\ RSWLPLVDWLRQ 7KHVH DUHD
QXPHURXVO\ DSSOLHG KRZHYHU ILUVWO\ WKH\ GHDO ZLWK D
FRQILIJXUDWLRQ DQG VHFRQGO\ WKH\ DUH RQO\ LQYROYHG LQ
GHVLJQ SURFHVV



&KHQ DQG %XUGLFN > @ VKRZ DQ LQWHUHVWLQJ XVH IRU *
SUH GHWHUPLQHG VHW RI PRGXOHV WKLV FRQVLGHUV WKH SUF
DVVHPEO\ FRQILIJXUDWLRQ IRU D VSHFLILF WDVN 7KLV LV RQO!
VSHFLILFDOO\ LQLWLDO NLQHPDWLF GHVLJQ EXW LWV OLPL
FRPSRQHQWY DOWKRXJK WKH HYDOXDWLRQ LV EDVHG RQ WKF
UHVHPEOHY D WUDYHOOLQJ VDOHVPDQ GLOHPPD RQH RI WKH
FRPELQDWRULDO RSWLPLVDWLRQ SUREOHPV LQ *$ PRUH WKD
$ORQJ VLPLODU OLQHYVY GHYHORSY WKH DSSURDFK E\ 6KLEDWD
E\ D VHW RI PRELOH URERWV *$ LV XVHG WR RSWLPLVH WKH \
SODQQLQJ RI HYHU\ URERW FRPELQHG ZLWK VHSDUDWH SODQC
DQG REVWDFOH DYRLGDQFH LV DOVR D VXEMHFW RI /LQYV HW
HYROXWLRQDU\ DOJRULWKP VHDUFKHV WKH HQWLUH FRQWLQX
KHUH LV WKH IDFW WKDW WKH EHVW SDWK LV REWDLQHG DV DC
SDWK DQG LV XQDEOH WR UHSODFH WKH FXUUHQW JOREDO SD!
SDWK HQWLUHO\

20H ILQDO LWHP WR EH UHYLHZHG LV WKH .LP DQG .RVKOD >
WKH\ SURSRVH D GHVLJQ PHWKRGRORJ\ FDOOHG 7DVN %DVHG
IRU GHVLIJQLQJ RSWLPDO URERW PDQLSXODWRUV $OWKRXJIK W
LW LV LQWHQGHG WR VROYH WKH GHVLJQ RI FRPSOH[ VA\VWHPYV
GHWHUPLQH WKH RSWLPDO SDUDPHWHUYV EDVH SRVLWLRQ DQG
D VSHFLILHG WDVN 6LQFH WKH DXWKRUV UHVWULFWHG WKH VF
PDQLSXODWRU DUPV FRPSULVHG VROHO\ RI UHYROXWH MRLQWYV
RI DOO SRVVLEOH PDQLSXODWRU FRQILIJIXUDWLRQV WR ILQG W
IUHHGRP DUPV WKH W\SH PRVW OLNHO\ WR EH GHVLJQHG WK
EH H[SORUHG HIILFLHQWO\ 6LQFH WKH VSDFH EHLQJ VHDUFKHG
*$ DSSURDFK IRU ILQGLQJ RSWLPDO PDQLSXODWRUV $OWKRXJIK
XVHG VXFFHVVIXOO\ LW GRHV QRW DSSHDU WKDW LW FDQ EH
EHFDXVH LWV VXFFHVV LV LQ SDUW GHSHQGHQW RQ WKH OLP
WKH VXFFHVV RI WKH WHFKQLTXH LQ DXWRPDWLFDOO\ JHQHUD
DFKLHYH D VSHFLILHG WDVN OHQGY VXSSRUW WR WKH QRWLRQ
FDQ EH DXWRPDWHG DwW OHDVW WR VRPH GHJUHH 6LQFH 79
ZRUNLQJ ZLWKLQ WKH PDQLSXODWRU GRPDLQ LW \LHOGV TXLYV
VSHFLILF NQRZOHGJH HQFRGHG LQ 7%'



$OWHUQDWLYH 2SWLPLVDWLRQ 7RROV DQG OHWKRGYV

BHYHUDO WRROV DQG WHFKQLTXHY KDYH EHHQ GHYHORSHG |
D URERW IRU D JLYHQ WDVN VXFK DV FRPSXWHU VLPXODWLRQ
PDWKHPDWLFDO DQDO\VLV >$VKLUX HW DO @ 7KH ODWMW
NLQHPDWLFV DQG LQYHUVH -DFRELDQV FDOFXODWLRQV >6FKLO
LV D JRRG SUDFWLFDO WRRO EXW LW GRHV QRW LQYHVWLJDW
SDUDPHWHUV WKXV WKHRUHWLFDOO\ ULVNLQJ PLVVLQJ DQ RSW
7KH PDWKHPDWLFDO WHFKQLTXHV DUH QRW YHUVDWLOH HC
FDOFXODWLRQV DQG WKH\ UHTXLUH FRQWLQXRXV IXQFWLRQV |
LPSO\ WKDW JHQHWLF WHFKQLTXHV DUH WKH RQO\ RSWLPLVD
FRQWLQXRXV IXQFWLRQV DQG WKHLU GHULYDWLYHVY DV RWKHU
JURP WKH KHXULVWLF VHDUFK PHWKRGV ZKLFK IRFXV RQ
LPSURYLQJ WKH VHDUFK WKH FKDUDFWHULVWLFV RI WZR DOW!
DQQHDOLQJ DQG KLOO FOLPELQJ %RWK PHWKRGV UHTXLUH WK
QRGH LQ WKH VHDUFK WUHH DFFRUGLQJ WR KRZ FORVH WR WKH
,Q KLOO FOLPELQJ >6FKZHIHO @ WKH EDVLF LGHD LV WR
EHWWHU WKDQ WKH FXUUHQW RQH 7KH DOJRULWKP GRHV QR
QRGH DQG SDWK DQG QR QRGH RU DJHQGD DUH PDLQWDLQHG
ORRSV LQ WKH VHDUFK VSDFH WKHQ KLOO FOLPELQJ FDQQRW C
LV QRW SRVVLEOH DGGLWLRQDOO\ KLOO FOLPELQJ WHUPLQDW!
FXUUHQW VWDWH 7KLV YHU\ RIWHQ UHVXOWV LQ WHUPLQDWLQ
VHDUFK VSDFH SRLQWVYV ZKLFK DUH EHWWHU WKDQ DQ\ VXUU
VROXWLRQ +LOO FOLPELQJ LV RQO\ VXLWDEOH IRU OLPLWHG F
IXQFWLRQ IDLUO\ DFFXUDWHO\ SUHGLFWY WKH DFWXDO GLVWDQ
6LPXODWHG DQQHDOLQJ 6% LV D QXPHULFDO RSWLPLVDWLRH
YDULDEOHV RI D VIVWHP DUH SHUWXUEHG EHWZHHQ VXEVHTXF
PHDVXUHG ZLWK REMHFWLYH IXQFWLRQ ZLWK VFRULQJ >$DUWYV
RI 6$ LV WKH DELOLW\ WR PRYH IURP ORFDO RSWLPD DQG VLPS
GLVDGYDQWDJH KRZHYHU LV WKH VXEMHFWLYH QDWXUH RI
FRQILIXUDWLRQ SDUDPHWHUY DQG WKDW LW W\SLFDOO\ UHTXLL
HYDOXDWLRQV WKDQ RWKHU RSWLPLVDWLRQ DSSURDFKHV $0:
UDQGRPO\ 6% LV FODVVLILHG DV KDYLQJ ZHDN KHXULVWLF VHD
NQRZOHGJH RI WKH UHVSRQVH KLVWRU\ >9LGDO HG @ ZD\
VHULRXV ZHDNQHVV LQ VHOHFWLRQ RI RSWLPLVDWLRQ WRROV



2QH LPSRUWDQW IDFW WR QRWH LV WKDW *$ XVH UDQGRF
DQQHDOLQJ WHFKQLTXHYV +RZHYHU XQOLNH VLPXODWHG DQC
GLUHFWLRQOHVYV EHFDXVH WKH\ PDNH XVH RI SDVW HYHQWYV
WHFKQLTXHY \LHOG FRQWLQXDOO\ LPSURYLQJ SHUIRUPDQFH
WKHUHIRUH WKH DXWKRU KDV FRQFHQWUDWHG RQ WKH *$ DSSO

6 XPPDU\ RI WKH /LWHUDWXUH 6XUYH\

7KH UHYLHZ RI WKH OLWHUDWXUH KDV VKRZQ VHYHUDO WKL
EHHQ GHVLJQHG IRU PDQ\ \HDUV WKHUH LV DV \HW QR VWUDL
WKHVH V\VWHPV ORVW RI WKH URERW GHVLJQV UHSRUWHG G
GHFLVLRQV WKDW OHG WR D SDUWLFXODU FRQILIJXUDWLRQ ©6H
GHVLIQ PHWKRGRORJLHYVY QRQH VHHP ZHOO VXLWHG WR WKH W
7TKLUGO\ HYROXWLRQDU\ FRPSXWDWLRQDO WHFKQLTXHV KDYF
LQWHOOLJHQWO\ VHDUFK ODUJH GLVFRQWLQXRXV VSDFHYV % \
EHFRPH ZHOO VXLWHG IRU REMHFW GHVLJQ

7KXV WKLV UHVHDUFK DWWHPSWV WR EXLOG XSRQ WKH SUF
WKDW RYHUFRPHV VRPH RI WKH SUHYLRXVO\ PHQWLRQHG LQDG

WR DOVR FRQFHQWUDWH RQ GDWD DVVHPEO\ DQG FULWLF
WKHRUHWLFDO GHVLJQ IUDPHZRUN (' HI[ILVWLQJ VWHHO 1°
EHQFKPDUN OLEUDU\ RI WDVNV RQ EULGJHY DQG FRPPHUFLDOO



&KDSWHU QJLQHHU'LHQWLIQU DPHZRUN

, QWURGXFWLRQ

%HIRUH GHVLJQ RI DQ\ VA\VWHP FDQ FRPPHQFH WKH SULPD
IRUFHY KDYH WR EH LGHQWLILHG QDPHO\ D FRPPHUFLDO RU H°

7TKH FRQWHQWYVY RI WKLY DQG WKH IROORZLQJ FKDSWHU H\
QHFHVVLW\ IRU WKH DXWRPDWHG RU VHPL DXWRPDWHG GHY
EULGJHVY XVLQJ WKH IUDPHZRUN RI HQJLQHHULQJ GHVLJQ ('
GHVLIJQ RI WKH DXWRPDWHG GHYLFH IRU LQVSHFWLRQ DQG V)
VROYHG $FFRUGLQJ WR 80OPDQ > @ WKH QHHG FDQ KDYH W
GHYHORSPHQW RI QHZ WHFKQRORJ\ RU D QHHG IURP WKH KI
WKHUH DUH QR FRPPHUFLDOO\ DYDLODEOH V\VWHPV ZKLFK }
KXPDQ LQYROYHPHQW FRXOG LQVSHFW DVVHVV DQG UHVWR
'"HVLIJQ FDQQRW FRPPHQFH ZLWKRXW H[DFW NQRZOHGJH Rl ZKI
WKH SURGXFW 7KH IROORZLQJ FKDSWHUV ORRN LQWR EULGJH
ORFDWLRQV RI FRUURVLRQ HI[LVWLQJ LQVSHFWLRQ DQG
DXWRPDWLRQ DWWHPSWYV LQ RUGHU WR SUHFLVHO\ XQGHUVWI
UHODWLYH LPSRUWDQFH DSSOLFDWLRQ VNLOO UHTXLUHPHQW
DQRG UHVWRUDWLRQ SURFHVV DUH DOVR LQYHVWLJDWHG KHUFE
FROOHFWLRQ VDIHW\ DQG HFRQRPLF LPSOLFDWLRQV DUH OLNH

$00 WKH DERYH LV JRLQJ WR EH LQYHVWLJIJDWHG LQ WKH
HQYLURQPHQW RI (" SURFHVV 'XULQJ WKH GHVLJQ SURFHVV
DQG LWV GHFRPSRVLWLRQ LV FRQVLGHUHG ILUVW $IWHU WKHF
LQWR WKH ILQHVW VXE VI\VWHPV SRVVLEOH IRU HI[DPSOH D
DFFHVV WR WDVN RI WKH GHYLFH SUREH RU WRRO KROGL
FRPSRQHQWY DUH GHYHORSHG WR SURYLGH WKHVH IXQFWLRQ
GHVLJQ SUREOHPV GHSHQGLQJ RQ WKH SDWK FKRVHQ WR DU
MX[WDSRVH DV WKH SURFHVV GHYHORSV 7KXV FHUWDLQ D)\
VHOHFWHG IURP D JURXS RI VLPLODU LWHPV VHOHFWLRQ GH
WKHVH PD\ LQYROYH DVVHPEOLQJ RU FRQILIJXULQJ DOO WKH F
SURGXFW FRQILIXUDWLRQ GHVLJQ RU D SDUWLFXODU LWHF
ILQGLQJ YDOXHV IRU WKH SDUDPHWHUYV ZKLFK FKDUDFWHULVF
7TKHVH GLIIHUHQW GHVLJQ SURFHGXUHV OHDG HYHQWXDOO\ WR



7KH VFRSH RI WKLV FKDSWHU FRPSULVHV WKH EULHI GHVF
GHVLJQ SURFHVV LOQWURGXFWLRQ WR WKH WHFKQLTXHV WR
GHVFULSWLRQ RI WKHLU SDUWLFXODU DSSOLFDWLRQ

7KH DXWKRU XVHV WKH (" LQ RUGHU WR FODULI\ WKH SDW
RULJLQDOLW\ ZLWKLQ WKLV FKDSWHU OLHV LQ WKH DXWKRU V
IRUPDW RI WKH (" WR VHOHFW D UHOHYDQW UHVHDUFK SDW|
VHTXHQFH RI DFWLYLWLHY OHDGLQJ WR D VXFFHVVIXO SURGXF

3KDVHV RI (QJLQHHULQJ 'HVLJQ

7KH EULHI FRPSLODWLRQ EHORZ UHFDOOV WKH EDVLF SKDV
(* SURFHVV (DFK GHVLJQ SUREOHP LV GLIITHUHQW DQG VRPH
DSSOLFDEOH WR VRPH SUREOHPV 7KH IROORZLQJ VHFWLRQ ZL
VSHFLILF SURFHGXUHV XVHG LQ WKLV UHVHDUFK 7KH GHVLJ
VWDJIJHY ZKLFK DOWKRXJK XQGHU GLIITHUHQW KHDGLQJV LQ YD!
DFWLYLWLHYV LQ )LJXUH



&ODLILFDWLRQ RI WKH WDVN SUREOHP GHILQLWLRQ DQDO\VLV RI WKH
GHYHORSPHQW DQG SODQQLQJ SKDVH

$00 LQIRUPDWLRQ DERXW WKH SUREOHP LV FROOHFWHG
IROORZLQJ DFWLYLWLHV L XQGHUVWDQGLQJ
WDVN

7KLV SKDVH LQFOXGHV WKH
GHILQLQJ DQ®HVRGVLQJ WKH SUREOHP
DQG DV D UHVXOW LL JHQHUDWLQJ HQJLQHHULQ4)'UMKRIOUMPHEWFWLRQ FRPLQJ

XS ZLWK GHVLJQ SHUIRUPDQFH VSHFLILFDWLRQ GHILQLB3ORQFMQAWQV DIYREHUWLHYV

DQG FRQVWUDLQWY VWDQGDUGY GHDGOLQHV EXGJHW R[SMHH FSHUREXOWHWEHMWLQJ OLPLWYV
WR WKH VROXWLRQ VSDFH SURYLGLQJ WKH HYDOXDWLRQFKQILWKHYD 'HKH QSRELILFDWLRQ

LQFOXGHV L OLVWLQJ DQG HYDOXDWLRQ RI REMHFWLYHWLBEQLWHULDQWQEWKIULRKRVFULSWLRQ
RI WKH YDULDEOHV RI WKH REMHFWLYHV SDUDPHWHUV

7KH IROORZLQJ DFWLRQV FRPSULVH WKLV VWDJH L FODWWWRGEVWKH WDVN

DQG HODERUDWLQJ WKH VSHFLILFDWLRQ LL LSGHDWLYLO\ HHWHKRWNVDOL $VVRFLDWLRQ 1
SUREOHPV LLL HVWDEOLVKLQJ IXQFWLRQ VWUBRHRWKBAY %Y¥DVHDOWRKPQOJIRE&DXVH HIIHFW

VROXWLRQ SULQFLSOHV OLWHUDWXUH VHDUFKIUDPYLQDRPWRWPLWHH ¥QDO\VLV )7$ LL
FRPELQLQJ VROXWLRQ SULQFLSOHV DQG IRUPLQ&WKMHPLYBWR QROFUSWWLRQ OHWKRGYV
YDULDQWYVY GHILQLQJ SK\VLFDO DQG WHFKQLFD®\QMNXHMWLFMU LMWL BWQDDOWLF 6\VWHPDWLF
HYDOXDWLQJ WKHP DJDLQVW WHFKQLFDO DQGOHWKRRFNLF) XQEWHRQ 5 QP@®WOLY ORUSKRORJLFDO
YL JHQHUDWLQJ VHOHFWHG VFKHPHV RU FRAFHBWRGFRV®V LYHEBIQOMWLF EDVHG *$ DQG

GLPHQVLRQV IHDVLELOLW\ DVVXUHG YLL ILU®BLQHS XS \DHQGBWHDYWOLRXDW LY J ,VKLIDZD DQG S L
FRQFHSW YDULDQWY DQG FRPLQJ XS ZLWK WKH FRQFHSWVYO(8FKHPHV

7KLV SKDVH FRQVLVWV RI WZR VXE SDUWV DQG LW LV D FRQWW.QR®XYV UHILQHPHQW

RI D FRQFHSW WKURXJK FRUUHFWLYH F\FOHV LQ ZK RRIG D@QD® \OHW K R GW KHWVH. V0D MR UL W\

VLPXODWLRQ DQG HYDOXDWLRQ DOWHUQDWH DQG FRRGBHPKIQW WEPKORWKRG 7IKIH

IROORZLQJ DFWLYLWLHY DUH W\SLFDO L JHQHUDWEQU ®LRPQFBISWKRIGY G HHYIHERGHLE J

SUHOLPLQDU\ OD\RXWV DQG IRUPLQJ GHVLJQV LL L2 EWHORWIWYIHYA GEHHVKR S URB DN XQR QU WKH

OD\RXWV LY UHILQLQJ DQG HYDOXDWLQJ DIDLQVW (WIHFKWQLYFOIHBQ G+RPR Q R RLIGF
FULWHULD Y PDNLQJ D ILQDO FKRLFH EHWZHHQ WXAFRB&H@HWR 6KDLQLQ

7TKHQ WKH VXEVHTXHQW DFWLRQ WDNH SODFH YL JHQGHWKRR®V

SUHOLPLQDU\ GHVLJQ YLL RSWLPLVLQJ DQG FRVEROHWDEIJ([RWULPHQW 'HVLJIQ L
GHVLJQV FKHFNLQJ IRU HUURUV DQG FRVW HIIHFWIDAH@PHEDOHVSUHBDBKQJLL IXOO IDFWRULDO

WKH SUHOLPLQDU\ SDUWV OLVWVY DQG SURGXFWHFRH GIRAXPWQWVYLLYIZDUXFKL H[SHULPHQW
FRPLQJ XS ZLWK GHILQLWLYH GHVLJQ GHFLVLRQ PHOWKQEVDVLY WHADSKWF®IO HYDOXDWLRQ

Y!
Y WKH RSWLPLVDWLRQ YDULDQFH DQDO\VLV YL *$

7KH VWDJHV FRYHU L JHQHUDWLQJ GHILQLWLYH GHVLJQ DUUDQJHPHQW RI DVVHPEOLHV FRP
VKDSHV GLPHQVLRQV PDWHULDOV LL ILQDOLVLQJ WKH GHWDLOV LLL FRPSOHWLQJ GHWDLC
FKHFNLQJ DOO GRFXPHQWV LY DVVHPEOLQJ ILQDO GRFXPHQWDWLRQ



), * (QILQHHULQJ 'HVLJQ 2YHUYLHZ

&ODULILFDWLRQ RI 7DVNV DQG OHWKRGV ZLWKLQ (DFK 3K

$IWHU WKH JHQHUDO LQWURGXFWLRQ RI WKH (' SURFHVV D¢

WKH DSSURDFK VKH LV WDNLQJ IRU GHYHORSPHQW RI WKH SUR
6SHFLILFDWLRQ 'HYHORSPHQW DQG 30DQQLQJ

(QJILQHHUV KDYH EHFRPH LQFUHDVLQJO\ DZDUH RI WKH LP.
GXUDELOLW\ Rl VWUXFWXUHV $Q\ VWUXFWXUH UHTXLUHV P
LQVSHFWLRQ WRROV DQG SURFHGXUHV FDQ JXDUDQWHH WKI
HVWDEOLVKHG DQG GHOLYHUHG LQ WLPH >3ULWFKDUG @

6WHHO LV D YHUVDWLOH FRQVWUXFWLRQ PDWHULDO WKDW Kk
DQG VWUXFWXUHV KRZHYHU LWV PDMRU GLVDGYDQWDJH LV D
+HQFH WKH QHHG WR SURYLGH DQG PDLQWDLQ PHDQV RI FRL
BWHHO EULGJHV ZLWK WKHLU YDULHG JHRPHWU\ ODFN RI GL!
DPRQJ VWUXFWXUHV UHTXLULQJ VSHFLDO SURYLVLRQV &DUH
GLUHFWO\ DIIHFWV PDLQWDLQDELOLW\ RI D EULGJH 7KHUHIRU
WKH EULGJH LV DOUHDG\ GHFLGHG DW WKLV VWDJH DQG VXE
UHJXODU FOHDQLQJ DQG UH DSSOLFDWLRQ RI SULPHUV DQG W
SURWHFWLRQ ZLWK WKH PLQLPXP FRVW LQ YLHZ

7KH SURFHVV RI FRDWLQJ UHPRYDO SRVHV D VXEVWDQWLDO
KLJK OHYHOV Rl SROOXWLRQ WR WKH HQYLURQPHQW ZKLFK
DXWRPDWLRQ 5HPRYLQJ H[LVWLQJ FRDWLQJVY PDLQO\ OHDG EI
E\ EODVW FOHDQLQJ >7KRPSVRQ @ 7KH DUHD EHLQJ FOHD
PDVV Rl WKH SDUWLFOHV XQWLO D ILUP VXUIDFH RI WKH UH
UHVLGXHV Rl WKH SURFHVV DUH SDUWLFOHV SROOXWHG ZLWK
KHDOWK KD]DUG WR WKH ZRUNHUV DQG LQHYLWDEO\ FRQWDP]

@ 7KHUHIRUH DQ DXWRPDWHG GHYLFH ZKLFK LV FDSDEO!
KLJKO\ GHVLUDEOH DV LW ZRXOG LPSURYH WKH KHDOWK D
PDLQWHQDQFH

8QGHUVWDQGLQJ WKH 'HVLJQ 3UREOHP

,Q RUGHU WR GHILQH WKH SUREOHP DV VRRQ DV SRVVLEOH
WR EH PHW L LGHQWLI\LQJ WKH FXVWRPHUV DQG GHWHUP
GHWHUPLQLQJ UHODWLYH LPSRUWDQFH RI WKH UHTXLUHPHQW)
WR IRUFH DQ DZDUHQHVV WR ZKDW DOUHDG\ H[LVWV DQG SRL



RQ ZKDW DOUHDG\ H[LVWYV LY WUDQVODWLQJ FXVWRPHU U
UHTXLUHPHQWYV Y VHWWLQJ HQJLOQHHULQJ WDUJHWYV IRU WKF
*HQHUDWLQJ D SURMHFW SODQ LQYROYHYV L LGHQWLI\LC
REMHFWLYH IRU HDFK WDVN LLL HVWLPDWLQJ UHVRXUFHV D
IRU WKH WDVNV DQG Y HVWLPDWLQJ GHYHORSPHQW FRVWYV
TKHUHIRUH WKH FXVWRPHUV DUH ILUVW LGHQWLILHG ZKLF
RZQHUV RI PRVW EULGJHV DQG LQVSHFWLRQ DQG UHVWRUDWL
FRQWUDFWY WR PDLQWDLQ WKLV W\SH RI VWUXFWXUHV 7KH
UHTXLUHPHQWY DUH UHFRJQLVHG DQG OLVWHG DFFRUGLQJ WR
7TDEOH ZKLFK LV D URXJK SUH YHUVLRQ RI WKH KRXVH RI TX
7KH FXVWRPHUV UHTXLUHPHQWY XVXDOO\ DUH FRQWDLQHG
DQG DUH QRW IRUPXODWHG LQ GHVLIJQHU V ODQJXDJH 7KH GH
ZKLFK DUH OLVWHG LQ 7DEOH FDQ EH JURXSHG XQGHU \
JHRPHWU\ LL NLQHPDWLFV GLUHFWLRQ RI PRWLRQ YHORI
GLUHFWLRQ VL]H IUHTXHQF\ ORDG LY HQHUJ\ SRZHU HI
Y PDWHULDO YL VLIQDO LQSXW DQG RXWSXW YDULDEOHV
HTXLSPHQW YLL VDIHW\ SURWHFWLRQ V\VWHPV ZRUNSODTI
YLLL HUJRQRPLFV 00, RSHUDWLQJ PHWKRG OLIJKWLQJ
WROHUDQFHYV [ PRQLWRULQJ PHDVXULQJ DQG WHVWLQJ VS
LQVWDOODWLRQ IRXQGDWLRQ [LL WUDQVSRUWDWLRQ
PDLQWHQDQFH [Y UHF\FOLQJ [YL FRVWY DQG [YLL GHDGOL



7TEOH ODWUL[ RI &XVWRPHUY DQG 'HVLJQHUYV
'"HVLIQHG DFFRUGLQJ WR VWDQGDUGV IRU

/2:
VDIHW\
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Lo
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SHTXLUHF



$V WKLV SURMHFW LV D UHVHDUFK SURMHFW WKH DXWKRU
WKH IUDPHZRUN RI WKH HQJLQHHULQJ GHVLJQ SURFHVV EXW
QRW DSSOLFDEOH VXFK DV WLPH LV XQVSHFLILHG ,QLWLDO G
FRVW DQG WKH PDQXIDFWXULQJ FRVW LV DOVR QRW DYDLODEQ
RQH RI WKH RSWLPLVDWLRQ FULWHULD DQG LV IHDVLEOH WR
> @ 7KH FOLHQWY LQYROYHPHQW LQ WKH IRUP RI SUHGLFW
SURGXFW PDQXIDFWXUHG SHU \HDU DQG QXPEHU RI \HDUV DUH

&RPSHWLWLRQ EHQFKPDUNLQJ HQFRPSDVVHV H[WHQVLYH
FRPPHUFLDOO\ DQG DFDGHPLFDOO\ DYDLODEOH V\VWHPV |
LGHQWLILFDWLRQ Rl WKHLU LQDGHTXDFLHV DQG VXSHULRULW
WKLV SRLQW D FULWLFDO UHYLHZ RI DOO H[LVWLQJ DXWRPD
FRPPHUFLDOO\ DQG DFDGHPLFDOO\ DYDLODEOH LV FDUULHG RX

7UDQVODWLQJ FXVWRPHU UHTXLUHPHQWVYV LQWR PHDVXUDE
DLPV DW SURGXFLQJ GHVLJQ VSHFLILFDWLRQ ,W LV LPSRUW
SRVVLEOH WR PHDVXUH HDFK FXVWRPHU GHPDQG ,I D VSHF
FDQQRW EH WUDQVODWHG LQWR PHDVXUDEOH HQJLQHHULQJ
XQGHUVWDQGLQJ RI WKH FXVWRPHU QHHG $00 WKH FRPSH
PHDVXUHG QRW RQO\ FRPSDUHG WR DJDLQVW FXVWRPHU UHT.

7KH ODVW VWHS ZLWKLQ WKLV VWDJH LV WR GHWHUPLQH WI
PHDVXUH DQG WR VHW WKHP WR D VSHFLILF YDOXH 7KH WH
FRPSOHWHG DQG WKH pVROXWLRQ VSDFH GHWHUPLQHG 7KL
SDUDPHWHUV ZKLFK FRUUHVSRQG WR WKH EDVLF GHVLJQ UHT:

7KH SURFHGXUH RI XQGHUVWDQGLQJ WKH GHVLJQ SUREOHF
WKH VWHSV RI WKH 4XDOLW\ )XQFWLRQ 'HSOR\PHQW 7HFKQLTX
YHULILHG PHWKRGV IRU WKH SXUSRVH

3URMHFW 30DQQLQJ

$ SURMHFW SODQ LV D GRFXPHQW WKDW GHILQHV WKH WD\
GXULQJ WKH GHVLJQ SURFHVV )RU HDFK WDVN WKH SODQ VW
UHTXLUHPHQWY WLPH UHTXLUHPHQWY VFKHGXOH UHODWLY
HVWLPDWH $V GLVFXVVHG SUHYLRXVO\ GXH WR DFDGHPLF QL
DQG WLPH UHTXLUHPHQWVY DV ZHOO DV GHWDLOHG FRVW HVYV
WLWOHV LQ VHTXHQFH ZKLFK DW WKH VDPH WLPH UHSUHV
SUREOHP LQ LQWR WKH VXE SUREOHPV DUH VKRZQ LQ )LJXUH



HV 8QGHUVWDQG WKH SURFHVV LGHQW
7D/ N ,QYHVWLIJDWH SURFHVV RI VWHHO F%%%ﬂEWEéIOXHQFLQJ VSHHG DQG W\SH

A 2EMHFWLYHV ,GHQWLI\ NH\ DUHDV SDUWLFXODU

7DVN ,QYHVWLIJDWH VWHHO EULGJHV FRUURVLRQ OLQN YDULRXV W\SHV RI FRUURVLRQ
BBBBBBBBBRBBBBRB EBEBBBBBBBBBBBB

, MWEYHV 7KURXJK DQDO\VLV RI HDFK PHWKRG L
7DVN BWXG\ 1'7 WRROV DQG WHFKQLTXE‘ KHLU DXWRPDWLRQ DSSOLFDELOLW\ FODVVLI\ L

| aﬁﬁ!&\i:ﬂFWLYHV 7KURXJK DQDO\VLV RI HDFK PHWKRUC
7DVN BWXG\ VWHHO UHVWRUD\Q%I%EQBBE w LU DXWRPDWLRQ DSSOLFDELOLW\ FODVVLI\ |

7DM S5HYLHZ WKH H[LVWLQJ WHFKQRORJ\ LQ ny\gv \ﬁw%ng
URERWLFV LQ VWHHO LQVSHFWLRQ DQG \'/_P lB R DUUV RXW FRPSHWLWLRQ EHQFKF

7DVN ,QYHVWLIJDWH FRPPHUFLDOO\ [BBBBBBB®RZ OMHHW VYWY W IBHQWLI\ WKH EHVW VIVWHP DFFR
IRU EULGJHV HQJLQHHHIQ@IUHPHQWYV

7DVN  ,QYHVWLJDWH WRRO KDQGdﬁIHBbBJBﬁi&BEE)MUHS\)O’LL%@‘JWf:gHRFSV\\;VXVPKL"\'/;\X';\L/Q’QVXLWDEOH RSW

2EMHFWLYHV 'HPRQVWUDWH SUREOHP XQGHUVWD

7DN &RPSOHWH VSHFLILFDWLRQ GHYHORSPHR@WHUDWLQJ HQJLQHHULQJ UHTXLUHPHQWYV W
FULWHULD DQG UHOHYDQW SDUDPHWHUV

7DVN (VWDEOLVK WZR FRQFHSWV IRU SURGXFWHGEWYMBR SHMQWS FRPSHWLWLYH VFKHPHV IRU F

7DVNO2 ,QYHVWLJDWH *$ DV VHOHFWLRQ DQBMRIFWLHIHMAD WDRQOLDULVH RQHVHOI ZLWK WKH X
WHFKQLTXH WKH WRRO

7DVN &ODULI\ WKH ILQDO VHW RI SDUDPHW%%%HS&IéY%VLWFVpFP§VRLSRQD IUDPHZRUN IRU WKH *$ VI

7DVN '"HYHORSPHQW RI )2575%$1 VRIWZDUH WR_HIHEXWH
WKH RSWLPLVDWLRQ gEMHEWWYHV 6HOHFW WKH EHWWHU RXW RI WZR

2EMHFWLYHV ODNH LW PRUH XQLYHUVDO WR EH )
H[WHQGHG VHW RI SDUDPHWHUV DQG FULWHULD I

7DVN (QKDQFH WKH *$ WHFKQLTXH GLIITHUHQW VWDJHV RI HQJLQHHULQJ GHVLJQ SU
FRQFHSWXDO DV ZHOO DV HPERGLPHQW ZLWK GLU
IXUWKHU VWXGLHV LQWR XVLQJ LW IRU GHWDLOF

7DVN $SSOLFDWLRQ RI WKH PHWKRG WR D URERW BWHYH®RX¥O\YHULIL\ WKH YDOLGLW\ RI WKH
RSWLPLVHG XVLQJ GLIIHUHQW PHWKRGV DSSOLFDWLRQ

7DVN &RQILUP WKH FRQFHSWV VHSDUDWHO\ XVREMHEMBYHY )XUWKHU FRQILMDWLRQ RI *$ R.



)LXUH 30DQQLQJ IRU 'HVLJQ
7DVNV LGHQWLILHG ZLWKLQ (' SURFHVV WHFKQLTXHV UHIOH
7KLV IXUWKHU FRQILUPV WKDW WKH HDUOLHU FKRLFH
VXEVWDQWLDWHG E\ WKH IRUPDOLVHG DSSURDFK ZKLFK VHUY
WR WKH VXFFHVVIXO SURMHFW RXWFRPH LV VHOHFWHG FRUUHF
&RQFHSWXDO 'HVLJQ &RQFHSW *HQHUDWLRQ

6RPH FRQFHSWXDO LGHDV DUH QDWXUDOO\ JHQHUDWHG
GHYHORSPHQW SKDVH VLQFH LQ RUGHU WR XQGHUVWDQG WKI
WKHP ZLWK WKLQJV ZH DUH DOUHDG\ IDPLOLDU ZLWK ,W KDV
VLQJOH LGHD DW WKDW VWDJH DQG UHILQLQJ LW LQWR D SUR
$GGLWLRQDO WHFKQLTXHV QHHG WR EH XVHG WR JHQHUDWH D
ZLOO FRQFHQWUDWH RQ WKH IXQFWLRQ RI WKH GHYLFH EHLQJ
PRVW FRPPRQ KHUH L IXQFWLRQDO GHFRPSRVLWLRQ DQG |
IXQFWLRQV 7KH ILUVW WHFKQLTXH IXUWKHU UHILQHV WKH I
VHFRQG DLGV LQ WUDQVIRUPLQJ WKH IXQFWLRQV WR FRQFHSW
J)LQGLQJ WKH RYHUDOO IXQFWLRQ WKDW QHHGV WR EH DFFF
+HUH WKH RYHUDOO IXQFWLRQ VWDWHPHQW LV WR GHVLJQ L
VIVWHP ZKLFK FDQ WHVW D YDULHW\ RI VWHHO EULGJHV IRl
SUHSDUH WKH VXUIDFH IRU UHSDLQWLQJ XVLQJ FRQWDLQPHC
7KHQ GHFRPSRVLQJ WKH IXQFWLRQ LQWR VXE IXQFWLRQV
WHFKQLTXH RI GHYHORSLQJ FRQFHSWYV IRU HDFK IXQFWLRQ IRC
$W WKLV VWDJH LW LV PRUH LPSRUWDQW WKDQ HYHU WR Ut
DUH D PL[ Rl YDULRXV W\SHV RI SUREOHPV $OWKRXJK WKH XV
QHZ SURGXFW LW LV UHFRJQLVHG WKDW DGYDQFHG WHFKQRO|
LWV WUDQVIHUUDO DGRSWLRQ DQG LQWHJUDWLRQ QHHGV IXL
WKLV W\SH FRQVWUDLQHG VXE VHWV RI RULJLQDO GHVLJQ HJ[L
OLPLWHG OLVW RI RSWLRQV LL FRQILIXUDWLRQ DV DQ DUL
SDUDPHWHU RSWLPLVDWLRQ DV FKRLFH RI UHODWHG FKDUDFW
JRU H[DPSOH H[SHQVLYH SXUSRVH EXLOW DFFHVV V\VWHPV
UDWKHU WKDQ ORZ FRVW UH FRQILIJXUDEOH KLJK SHUIRUPDQ
IRU IOH[LEOH DSSOLFDWLRQV $OVR GHVSLWH WKH VLPLODU
DGYDQWDJH KDV QRW \HW EHHQ WDNHQ RI URERWLF PDQLSX
UHTXLUHPHQWY IRU WRRO GHOLYHU\ DQG KDQGOLQJ ZLWK KD]
WKDQ WUHDWLQJ WKH WDVN DV WKH RULJLQDO GHVLJQ RI WKH

riir



PDQO\ D FRPELQDWLRQ RI D VHOHFWLRQ SUREOHP LQ WKH IF
7KH OLVW RI FKRLFHV VHUYHV LQ JHQHUDWLQJ SRWHQWLDO V
GHVLJQ LQ RUJDQLVLQJ WKH DVVHPEO\ WDNLQJ LQWR DFFR
VSDWLDO UHODWLRQV DQG ILQDOO\ DV D SDUDPHWULF GHVLJ
GHVLJQ YDULDEOHYV 7KH *HQHWLF $OJRULWKP DSSURDFK
SDUDPHWHUV RI WKH SURSRVHG V\VWHP GHYHORSHG ODWHU
DW HYDOXDWLQJ D GHVLIJQ FRQFHSW ZKLFK FUHDWHYVY D EULGJ
(YDOXDWLRQ DQG 5HILQHPHQW RI &RQFHSWYV

7TKH SRWHQWLDO VROXWLRQV IURP WKH VHOHFWLRQ VWDJHV
VSHFLILF UHTXLUHPHQWY ,Q SDUDPHWULF GHVLJQ WKH VROX\
SDUDPHWHUY ZKLFK RSWLPLVH WKH FULWHULD IXQFWLRQV $(
HYDOXDWLRQ SURFHVV ZKLFK LPSOLHV ERWK FRPSDULVRQ DQ

(YDOXDWLRQ FDQ EH EDVHG RQ L IHDVLELOLW\ MXGJHPH(
DVVHVVPHQW LLL JR QR JR VFUHHQLQJ DQG LY GHFLVLRQ
MXGIJHPHQW FDQ KDYH WKUHH RXWFRPHYV L WRWDO UHMHFW|
ZLWK FXVWRPHU UHTXLUHPHQWY RU XQDYDLODEOH WHFKQRO
UHMHFWLRQ GHSHQGLQJ RQ IXUWKHU DFWLRQV DQG LLL ZRU
UHTXLULQJ HQJLQHHULQJ NQRZOHGJH DQG H[SHULHQFH *UDS
PRGHOV QHHG WR EH GHYHORSHG DQG HYDOXDWHG DJDLQVW F

THFKQRORJ\ UHDGLQHVY DVVHVVPHQW DSSOLHV WR HYDOX
VWDWH RI WKH DUW FDSDELOLWLHY 6L[ PHDVXUHV >800PDQ
D WHFKQRORJ\YV PDWXULW\ L FDQ WKH WHFKQRORJ\ EH
SURFHVVHYV LL DUH DOO WKH FRQWURO SDUDPHWHUV ZKLFK
DUH WKH VDIH RSHUDWLQJ ODWLWXGH DQG VHQVLWLYLW\ RI W
IDLOXUH PRGHV EHHQ LGHQWLILHG Y GRHV KDUGZDUH HJ[LV
DQVZHUV WR WKH DERYH IRXU TXHVWLRQV DQG YL LV W
WKURXJKRXW WKH SURGXFWTY{V OLIH F\FOH "

(YDOXDWLRQ EDVHG RQ JR QR JR VFUHHQLQJ FRPSDUHV |
FXVWRPHU UHTXLUHPHQW LQ DQ DEVROXWH IDVKLRQ 7KLV Kt
VKRXOG QRW EH IXUWKHU FRQVLGHUHG DQG KHOS JHQHUDWH C

(YDOXDWLRQ EDVHG RQ GHFLVLRQ PDWUL[ RU 3XJKTV PHWKR
WKDW DUH QRW UHDG\ HQRXJK WR EH GLUHFWO\ FRPSDUHG Z
7KLY PHWKRG SURYLGHV D PHDQV RI VFRULQJ HDFK FRQFHS\



DEOLW\ WR PHHW WKH FXVWRPHU UHTXLUHPHQWY 6FRUHV DU
HIDYRXULWH FRQFKEESWIPWDNHQ DV D

,Q WKH FRXUVH RI WKLV UHVHDUEFK FRQFHQWUDWLQJ
DVVHVVPHQW DQG IHDVLELOLW\ MXGJHPHQW FDUULHV RXW W
VXVSHQGHG SODWIRUP FDUULDJH DUP ZULVW UHVWRUDWLR
IRU LQVSHFWLRQ DQG FOHDQLQJ DUH LQYHVWLIJDWHG DQG DS
OLVWHG DERYH 7KH IHDVLELOLW\ MXGJHPHQW LV DFFRPSOLVK
*$ RSWLPLVDWLRQ FRPSXWDWLRQV ZLWKLQ WKLV WKHVLV RQ
SDUWLDOO\ WKURXJK *5$63 PRGHOOLQJ DQG HYDOXDWLRQ SX|
IRU GHYHORSPHQW

(DUO\ LQ WKH URERW GHVLJQ UHILQHPHQW LW PD\ EH VXIIL
PDIJQLWXGH RI VRPH SDUDPHWHUV 7KLV PHDQV LQ SUDFWLF
SDUDPHWHUY SUHYLRXVO\ DVVHVVHG DV WKH PRVW LPSRUWD
GHVLJQ RI WKH SURGXFW $V WKH SURGXFW LV UHILQHG WKH
PXVW EH LQFUHDVHG WR HQDEOH FRPSDULVRQ ZLWK WKH WDL
WKH DFFXUDF\ QHHGHG SULRU WR HYDOXDWLRQ $FFRUGLQJ
DPRXQW RI SDUDPHWHUVY DV ZHOO DV W\SH RI FRQVWUDLQWYV

(PERGLPHQW RU 3URGXFW '"HVLJQ

7KH JRDO KHUH LV WR UHILQH JHQHUDWHG FRQFHSWYV L
UHILQHPHQW LV DQ LWHUDWLYH SURFHVV RI JHQHUDWLQJ SUR
DJDLQVW UHTXLUHPHQWY 'RFXPHQWDWLRQ RI WKLV VWDJH FR
GHWDLOHG GUDZLQJV DQG LLL ELOO RI PDWHULDOV 7KLV
SURFHVV LV DOORFDWHG IRU IXUWKHU UHVHDUFK IRU XWLOLYV
OLVWY WKH JXLGHOLQHV VKRZLQJ SULQFLSDO IHDWXUHV RI WK



7DEOH 3ULQFLSDO )HDWXUHV RI WKH (PERGLPHQW
3ULQFLSDO )HD\WRSBWV

JXQFWLRQ .V WKH ,QWHQGHG IXQFWLRQ IXOILOOHG" :KLFK VHFRQGDU

(IHIHFWLYH 3UL®FWKGHVHOHFWHG HIIHFWLYH SULQFLSOHV SURGXFH ¢
PDOIXQFWLRQV DUH WR EH H[SHFWHG"

'"HVLJQ 'RHVY WKH GHVLJQ PDWHULDO JXDUDQWHH GHVLUDEOH GX
IURP UHVRQDQFH H[SDQVLRQ FRUURVLRQ DQG ZHDU FKDL

6DIHW\ $UH IDFWRUV WKDW DIIHFW VDIHW\ WDNHQ LQWR FRQVLGH

(UJRQRPLFV $UH WKH 00 UHODWLRQVKLSY WDNHQ LQWR DFFRXQW" :DV
REVHUYHG"

ODQXIDFWXUH $UH PDQXIDFWXULQJ DVSHFWV WDNHQ LQWR FRQVLGHUDV
IDFWRUV"

ORQLWRULQJ $UH WKH QHFHVVDU\ FKHFENV IHDVLEOH DQG DUUDQJHG IRL

$VVHPEO\ &DQ DOO DVVHPEO\ SURFHVVHV LQ DQG H[ ZRUNV EH XQ
XQDPELJXRXVO\"

7UDQVSRUWDWWURQWUDQVSRUW FRQGLWLRQV LQ DQG H[ ZRUNV FKH]
FRQVLGHUDWLRQ"

8VH $UH HYHQWV RFFXUULQJ GXULQJ XVH RSHUDWLRQ RU
FRQVLGHUDWLRQ"

ODLQWHQDQFH$SUH PDLQWHQDQFH LQVSHFWLRQ DQG UHSDLU SURFHGXU'
PRQLWRULQJ"

S5HF\FOLQJ +DV UH XVH RU UHF\FOLQJ EHHQ IDFLOLWDWHG"

&RVWYV $UH SUH VHW FRVWV OLPLWVY WR EH REVHUYHG" 'R DG
VHFRQGDU\ FRVWYV DULVH"

'"HDGOLQHYV &DQ WKH GHDGOLQHV EH PHW" &DQ D GLIIHUHQW GHVLJC

VLWXDWLRQ"

6 XPPDU\

7KH SXUSRVH RI WKLV FKDSWHU LV WR VHW XS D IUDPHZRUN
LQWR WKH RSWLPLVDWLRQ RI WKH DXWRPDWHG V\VWHP IRU
YDULDWLRQV RI GHVLIQ SUREOHPV ZHUH LGHQWLILHG DC
FRQILIXUDWLRQ SDUDPHWULF RULJLQDO UHGHVLIJQ URXWL
PDGH IRU WKH IDFW WKDW YHU\ I[UHTXHQWO\ D GHVLJQ SURFHYV
$GGLWLRQDOO\ WKH GHVLJQ SURFHVV LV YLHZHG DV D FRC
SRWHQWLDO SURGXFW GHVLIJQ XQWLO WKH ILQDO SURGXFW



GHVLURTXLUHPHQWY )JROORZLQJ WKH HQJLQHHULQJ GHVLJQ S
VWDJHY FKDUDFWHULVWLFVY DQG DLPV HQDEOHV WR HQVXUH
RQH PRVW FORVHO\ IXOILOOLQJ WKH GHVLJQ UHTXLUHPHQWYV LC
ZHOO GHVLIJQHG SURGXFW KDYH QRW EHHQ PLVVHG 7KHUH
FKDUDFWHULVHG LWV VWDJHV DQG WHFKQLTXHY DVVHPEOHG |
DVVHPEOHG ZKLFK DXWKRU LV JRLQJ WR XQGHUWDNH ZLWKL
JLIXUH ZDV DVVHPEOHG ZKLFK GLVWLQJXLVKHG DOO WDV
HQVXULQJ WKH FRPSOLDQFH ZLWK WKH (" VWUXFWXUH 1RW R
WKH IROORZLQJ FKDSWHUV LV MXVWLILHG EXW DOVR WKH

WHFKQLTXHVY LQGLFDWHG DQG DOORFDWHG WR UHOHYDQW VW
DUH GLUHFWO\ OHDGLQJ WR FRQFHSW GHYHORSPHQW E\ VSHF
7KH LQLWLDO VWDJHV LQFOXGH L MXVWLIN\LQJ WKH QHHG IF
ZRUNLQJ HQYLURQPHQW RI WKH SURSRVHG GHYLFH LLL LQY
LOQVSHFWLRQ UHVWRUDWLRQ DQG HQDEOLQJ WHFKQRORJLHV



&KDSWH U B0Q FKPD UN U DRINDUJ H$W HDR/QOBNH HH LG JIHV

,(QWURGXFWLRQ

7KH SUHYLRXV FKDSWHU VHW XS WKH GHVLJQ IUDPHZRUN IR
URERW XVLQJ (" DQG 4)' $VVHVVLQJ WKH WDVN HQYLURQPI
EULGJHYVY WKHLU W\SHV DQG GLPHQVLRQV JURXSLQJ WKHP I
SDUWLFXODUO\ SURQH WR GHWHULRUDWLRQ LV WKH LQLW!]
LGHQWLILHG DV WDVN WZR LQ )LJXUH

7KH W\SHV Rl VWHHO XVHG LQ EULGJH VWUXFWXUHV PDLQ
SRVVHVV LQ EXLOW FRUURVLRQ UHVLVWDQFH &RUURVLRQ RI
RFFXU RQO\ LI ERWK R[\JHQ DQG ZDWHU DUH SUHVHQW DQG EU
VFDOH DUH VXEMHFWHG WR FRQWLQXRXV VXSSO\ RI ERWK
XQGHUVWRRG D FRQFLVH FRPSLODWLRQ LV LQFOXGHG LQ $SSt

7KH REMHFWLYH RI WKLV FKDSWHU LV WKHUHIRUH WR DQD(
JHRPHWULFDO SHUVSHFWLYH LGHQWLI\ NH\ FRPPRQ ORFDWI
FRUURVLRQ DQG OLQN VSHFLILF VXVFHSWLELOLW\ WR SDUWLF

7KH DXWKRU LV JRLQJ WR ORRN EULHIO\ DW WKH VHOHFWLF
EULGJHV LQWR FODVVHV $OVR FRUURVLRQ SURQH DUHDV DUH
WKLY WKH VHOHFWLRQ RI ILIWHHQ DUHDV LV LGHQWLILHG (Y
VLIH RI DSSUR]J [[ P 7KLV LV IRU WKH SXUSRVH RI LGH
ZRUNVSDFH ZKLFK FODVVLI\ ZRUNSLHFH ZKLFK FDQ EH UHDF
WKH URERW &ROOHFWLRQ RI WKHVH XQLW ZRUNVSDFHV FDC
PDQ\ VLPLODU GHWDLO DUHDV DUH H[SHFWHG WR EH IRXQG RQ
$GGLWLRQDOO\ HDFK ZRUNVSDFH KDV EHHQ DOORFDWHG IRXU
ZRXOG EH H[SHFWHG WR IROORZ LQ RUGHU WR SURFHHG ZLW
SDWKV DUH DOORFDWHG LQ WKH H[WUHPH ORFDWLRQV RI WKH
ZRUNVSDFHV DUH GUDZQ XVLQJ URERW VLPXODWLRQ VRIW.
SURVSHFWLYH URERW PRGHOOLQJ DQG VLPXODWLQJ WKH WR
IHDVLELOLW\ FKHFEN

7TKH SDWKV ORFDWHG ZLWKLQ HDFK ZRUNVSDFH DUH WKH U
WKLV FKDSWHU SDYHV WKH ZD\ IRU FORVH DQDO\VLV RI WK
FKDUDFWHULVWLFVY ZKLFK DUH LQYROYHG LQ YDULHW\ RI UHYV
SDWK LV FKDUDFWHULVHG E\ D XQLW RUWKR QRUPDO YHFWRU
WKH 7DUJ VSHFLILHV WKH RULHQWDWLRQ RI WKH WRRO DSS
VSHFLILFDWLRQ ©6R WKH FKDSWHU LV GLUHFWO\ OLQNHG WR

riér



EMWWZHHQ WKH EULGJH JHQHUDO DQG VSHFLILF FKDUDFWHULVW
URERW DSSOLFDWLRQ SHUVSHFWLYH

,ZVRODWLRQ RI WKH WDVNV DQG WKHLU FKDUDFWHULVWLFV
DVVHPEOLQJ WKH LQLWLDO EHQFKPDUN OLEUDU\ LV D FRQWL
UHVHDUFK

6WHHO %ULGJH ORGHO

7\SHV Rl 6WHHO %ULGJHV XQGHU ,QYHVWLJDWLRQ

7KH FODVVLILFDWLRQ RI EULGJHV FRYHUHG LQ WKLV SDUDJ
HVWDEOLVKLQJ WKH H[WHQW RI VLPLODULWLHV RI GHWDLOV
EULGJH W\SHV

%ULGJHVY FDQ EH EURDGO\ FODVVLILHG XQGHU WKUHH KH
VLPSOH FRQWLQXRXV WUXVV DQG WKH FDQWLOHYHU W\SHV

%HDP EULGJHV KDYH WKH PDLQ VWUXFWXUH DV D SODWH J
FRQWLQXRXV JLUGHU RU VWHHO ER[ JLUGHU 7KH WUDQVYH
SURYLGHG IRU E\ GLDSKUDJP FURVV EHDPV RU JLUGHUV %HDP
WKH VWUXFWXUH IRU WKH VLPSO\ VXSSRUWHG DV ZHOO DV FF
EULGJHV FRQVLVW RI WZR DQFKRUHG FDQWLOHYHUV VXSSRUW
HQGV RI WKH FDQWLOHYHUV )RU ODUJH VSDQV FDQWLOHYH!
WUXVVHV WUXVVHG JLUGHUV &DQWLOHYHUV FDQ DOVR PHHW
$00 W\SHV LQ WKLV JURXS DUH ULYHWHG RU ZHOGHG XVXDOO
ZLWK GHFN

'LWK DUFK EULGJHV WKH DUFK LV WKH PDLQ VWUXFWXUDO
LPSRVHG RQ LW WR WKH DEXWPHQWY 6LQFH VWHHO LV FDSDE(
FDQ EH YHU\ PXFK WKLQQHU WKDQ LQ PDVRQU\ RU UHLQIRUFI
EUDFHG VSDQGUHO W\SH EULGJH LV XVXDO FRQVWUXFWHG LQ
WKH URDGZD\ LV VXSSRUWHG E\ KDQJHUV IURP WKH VWUXFWX L
EULGJH LV WKH VWLIIHQHG WLHG DUFK ZKLFK LV FDOOHG D ER

'KHQ VSDQV DUH ODUJH RYHU P VXVSHQVLRQ EULGJHV
HFRQRPLFDO 8VXDOO\ WKHUH LV D FHQWUDO VSDQ ZLWK WZ
SDVVLQJ RYHU WKH WRS RI WKH VXSSRUWLQJ SLHUV DUH D¢
PHDQV 7KH URDGZD\ LV VXVSHQGHG IURP WKH LQFOLQHG FDEC

$QRWKHU GHYHORSPHQW LQ VXVSHQVLRQ EULGJHV LV WKH
ZKHUH WKH JLUGHU LV EUDFHG DQG VWLIIHQHG E\ FDEOHV UD
RQH RU ERWK HQGV RI WKH VSDQ



$UHDV ORVWO\ $IIHFWHG DQG 6WDQGDUG 5HPHGLDO OHDVXL
'LWK WKH GLYHUVLW\ LQ VWUXFWXUH W\SHV DQG GHVLJQV
WKH SRVVLEOH FRPSRVLWLRQ RI HGJHV FRUQHUV EROWV Sl
MRLQWY DQG IODW DUHDV &RQVLGHULQJ DFFHVV GLIILFXOW
FDXVLQJ WUDSSLQJ RI ZDWHU DQG D YDULHW\ RI XQIDYRXUL
JURXQG LQ FRQWDFW ZLWK ZDWHU HWF WKHVH DUHDV
GHWHULRUDWLRQ DQG WKHUHIRUH RI SULPH LQWHUHVW G
JHRPHWU\ DQG VSDQV YDU\ HQRUPRXVO\ WKHUH DUH VRPH V
DUHDV IRU JURXSLQJ
7\SLFDO DUHDV FRYHUHG E\ GLIIHUHQW W\SHV Rl GHWHULRU
VWHHO VXUIDFHV LL EHDULQJV DQG H[SDQVLRQ MRLQWYV
PHPEUDQHV DQG URDG VXUIDFLQJ DQG Y VWHHO GHENV >*
QHHG VSHFLDO DWWHQWLRQ LQ LQVSHFWLRQ SURFHGXUHV 7
KLIKOLJKW WKH SUREOHPVY DQG WKHLU RULJLQV LQ PRUH GHWI
O0DLQ 6WUXFWXUH DQG 6WHHO 6XUIDFHV
$00 GHWDLOLQJ DOORZLQJ IRU VKDUS HGJHV LQGLFDWHV ¢
FDQQRW EH FOHDQHG RU FRDWHG HIIHFWLYHO\ >%URZQ @
IODQJHV Rl JLUGHUV SUHYHQW IUHH SDVVDJH RI ZDWHU DORC
SRROLQJ 8SZDUG FXUYDWXUH WR WKH ERWWRP I0ODQJH RI
RFFXUUHQFH GXULQJ IDEULFDWLRQ DQG KDV D VLPLODU HIIt
XQDYRLGDEOH REVWUXFWLRQV RFFXU IRU H[DPSOH DW EHI
GLDSKUDJPV ODFN RI SUHYHQWLYH PHDVXUHV IRU DOORZLQ.
QRWFKHV RU MFRSHY KROHV OHDGV WR WUDSSHG ZDWHU 2IW
ZLWK WUDQVYHUVH VWLIIHQHUV DOVR OHDGV WR HQWUDSPHQ
SURYLVLRQV IRU WKH EULGJH GHFN GUDLQDJH V\VWHP DOVR U
WKHVH DUHDV DV LW DOORZV GLVFRQWLQXLWLHV LQ GHFN V
FRUURVLRQ GHWHFWLRQ LV LQ ER[ JLUGHUV DV WKH ODFN RI
TXDOLW\ RI GHVLJQ
%HDULQJY DQG ([SDQVLRQ -RLQWYV
%HDULQJV DQG H[SDQVLRQ MRLQWVY DUH UHJXODU VRXUFH
9LUWXDOO\ DOO H[SDQVLRQ MRLQWVY OHDN DOORZLQJ VDOW\
OHDNV RQWR WKH VWUXFWXUH DQG EHDULQJVY /RFDWLRQ RI
UHODWLYH IUDJLOLW\ LQ FRPSDULVRQ ZLWK WKH UHVW RI V
GHIHFWLYH FRQVWUXFWLRQ ODFN RI GHWDLOLQJ IDFLOLWDW
RI EHDULQJV DQG H[SDQVLRQ MRLQWY DQG ODFN Rl GUDLQDJ}
WKURXJK H[SDQVLRQ MRLQWY DUH DUHDV IRU SDUWLFXODU DV



3DUDSHWYV
3bubsSsHwVY DUH VXVFHSWLEOH WR SHULRGLFDO GDPDJH IUF
7TKHVH FDQ EH DZNZDUG ZLWK H[SRVHG IL[LQJ GHWDLOV DQG F
SHULRGLF UHSDLQWLQJ DQG HDV\ UHSODFHPHQW
:DWHUSURRI OHPEUDQHY DQG 5RDG 6XUIDFLQJ
IDEN RI D VRXQG ZDWHUSURRI PHPEUDQH SUHYHQWLQJ VDO
D EULGJH GHFN LV RQH RI WKH PRVW LPSRUWDQW LWHPV SU
ZLWK D VWLIIHQHG VWHHO SODWH GHFN LQFRUUHFW VXUIDFLC(
RXW UHVLVWDQFH RI WKH GHFN ,QDGHTXDWH SURYLVLRQ LQ
VWUXFWXUDO VWHHO WR WKH GHFN UHGXFHV LQWHJULW\ DQ
IDWLJIXH
6WHHO 'HFNYV
$OWKRXJIK VWLIIHQHG VWHHO GHFN SODWHV DUH G\QDPLFI
WUDIILF D KLJK IDWLJXH FDWHJRU\ LV QRW DOZD\V DVVXPHG
ODQ\ SUHPDWXUH IDLOXUHV RI GHFNV RFFXU EHFDXVH WKH ZHC
VWLIITHQHUV RU VWULQJHUV WR WKH SODWH DUH RI SRRU TXD
SDVV FORVH RQ HDFK VLGH DQG IDWLJXH RFFXUV I ZHOGYV
VWLIITHQHUY DUH QRW SUHVVHG LQWR KDUG FRQWDFW ZLWK W
ZHOGV D IDWLJXH JRQH LV OLNHO\ WR GHYHORS
KHUH WKH VWULQJHUV DUH GHVLJQHG VROHO\ IRU VWDWL
RFFXUUHG DW WKH VSOLFH EHWZHHQ WKH FRQWLQXRXV OHQJW
(YHQ VWLIIHQHG VWHHO GHFNV DUH VWLOO IOH[LEOH DQG
FDXVH IDWLJXH LQ WKH VXUIDFLQJ $V WKH VXUIDFLQJ WHQGYV
GHFN SODWH IOXFWXDWLQJ WHQVLOH VWUDLQV GHYHORS LC
SDUWLFXODUO\ VHULRXV IRU D KDUG OLQH VXSSRUW VXFK DV
ZKHQ D ORQJLWXGLQDO JURRYH DERXW KDOI WKH GHSWK RI W|
KDUG OLQH VXSSRUWYVY D SRWHQWLDO SUREOHP DUHD LV FUH
LQVSHFWLRQ LV LPSRUWDQW IRU EULGJH GHFNYV
&RPPRQ 3UREOHPYV $UHD *HRPHWULHYV IRU 9DULHW\ RI1 %UL(
%ULGIJHV ZKLFK VHUYH DV VRXUFHV RI LQVSHFWLRQ DQG UH
%ULWLVK DV ZHOO DV 'XWFK )JUHQFK $XVWUDOLDQ DQG $PHI
VHOHFW WKH PRVW IUHTXHQWO\ RFFXUULQJ DUHDV >%&6$% @
DQG >*DUVLGH @ 7TDEOHV DQG DUH DVVHPEOHG EHORZ
EULGJH HOHYDWLRQV DQG FURVV VHFWLRQV ZLWK GLPHQVL
LGHQWLILFDWLRQ RI IXUWKHU DUHDV IRU LQYHVWLJIJDWLRQ

roir



7TDEOH SRUWIROLR RI %ULGJH 7\SHV

7TDEOH SRUWIROLR RI %ULGJH &URVV VHFWLRQ\



SBRUWIROLR RI %ULGJH 7\SHV

%ULGJH BBSBBBBBBBBBBBEBBBBBB B3B3 BBBBHBBEE BB BB Q JH

%HMD *LUGHU IODW KDXQFKHG DQG ER[HG VR WR PD[ P
$ ! $ s LINOALM, .. . ... ATTU
$UFK WR P PD]
AUWWTITIIZIT7TA “wr eRAU77777!YAUU77Q!AalL WR Q
WR Q
??PRP?2N?E 21 6 BB WRO U

b

%HDP FDQWLOHYHUHG DQG 7UXVYV FDQWLOHWRUHG

&DEOH VWD\HG WR P PD[
WR P
6XVSHQVLRQ sl R,
D]V * %o

ff7L7uPO70 , ”



SRRWILR RI %ULGJIJH &URVV VHFWLRQV



&RPPRQ WDVNV DUH UHSUHVHQWHG DV XVHU VSHFLILHG VH
SLHU S\ORQ X V RI GHFN X V Rl GHFN VLGH IDFH RI WKH SLHU
LQ 7DEOH EHORZ DQG GUDZQ DFFRUGLQJO\ LQ )LIXUHV

:KLOVW 7DEOHV DUH DQ DWWHPSW WR JHQHUDOLVH
W\SHV VHYHUDO FKDUDFWHULVWLFV GR EHFRPH DSSDUHQW .
VLIHV DQG VWUXFWXUH WKH EDVLF FHOOV DUH VLPLODU DQG
MEDVLF FHOOVY FDQ EH DVVHPEOHG RQ WKH EDVLV RI DGGL!
GLIITHUHQW VWUXFWXUHY ZLWK 7DEOH DV D VWDUWLQJ SRLC

roor



7TDEOH ([DPSOHV RI 7\SLFDO 5HSHWLWLYH $UHDV RQ
%HDP )ODW *LUGHU 7UXVV DQG 7UXVV &DRWEOBYHU >88VSHQVLRQ >(@

>$@ VLQJOH RU &DQWLOHYHU >%@ PLGGOH VSDQV 0DLQ VWUXFYV
PXOWL VSDQ HLWKHU PHPEHU LV WKH WZR VLGH VSDQ\
VWUXFWXUH DFWLQJ FDQWLOHYHUHG RU DUFKDQG WKH FDEOHYV

DV D FRQWLQXRXYV VXVSHQGHG SDVVLQJ RYHU WKH
EHDP WRS R WKH

VXSSRUWLQJ SLHUV
DUH DQFKRUHG LQ
WXQQHOV WKH URDG
LV VXVSHQGHG
IURP WKH FDEOHV
E\ YHUWLFDO
KDQJHUV
&DEOH VWD\HG
&RUQHU EHWIHMBQEHWZHBQHD XQGHIUHBHOURXQG$SWHRS W WKH WRS RI
WZR VHFR@®®DQ\ WUXVV GHANLRIJ DQW\WBRQJDUFKHWWHHIR\WKORQV PDLQ
EHDPV PHIHFN PDLQ WWIRQ KLQJHEUMRALQJ FIDE® H V DQG
EHDP JLUGHB\OR@IEUDFLGRXEOH FDQDIQOHUNU>' @KDQJHUV >( @
FRPSRVLWH ®HFNLQJFURVWUXVV >& @
RYHU >$ @ VWLIIHQHUV >% @

JLIXUH JLIXUH JLIXUH JLIXUH JLIXUH
$UHD XQSWHWD EHWZHBQHD EHWZHBQHWZRHWZHHEU NV KB HUVLGH WKH
FDQWLOHYHUHG HEJEPDLQKDXQFKHG DM PKKNM HPEWGERERLO ER[ GHFN
EHWZHHQ WUXVVMW RSLHUV PDQ QDEXWPHQWR I XIV RXVSHQVLRQ
VHFRQGDU\ JGHENUYJ DQGJLUGHUV . EPDEQQJ DEGLGJH DQG DURXQG
PDLQ JLUGHVHERWGDW\GHRWRYY EHDPVHFR®GDU\ VWHKXFBAOREY >( @
VWLIIHQHUV P®Q@& X V XV RI GHFNQ@XKDQJHUV >' @
Rl GHFNLQJ >% @ >& @
JLIXUH JLIXUH JLIXUH JLIXUH JLIXUH
$UHD EHWZHHEDRLQ WUXYYHY EHWZHHQHWZBRORQJ WRID RRQ WRS RI
PDLQ JLUGHBVY EUDFLQDXQRIGHG JMWIWGHVMHG DUFXKD OMREZ®\RIDQG SDUW
FURVVHODFL®RIN GHFN >% ®ER[HG GLDSKERINMWULQJ RILUGHURIRLO ER[
DQG PHWDO GHFNLQJ FURVV EHDP¥' BQG GHEN R D
DERYH >% @ XV R GHFNLQJ VXVSHQVLRQ EULGJH
>& @ DQG DURXQG WKH
S\ORQ >( @
YLIXUH YLIXUH YLIXUH YLIXUH YLIXUH



%YHQFKPDUN /LEUDU\

+HUH WKH REMHFWLYH LV WR HVWDEOLVK D VXLWDEOH VW
EULGJH VWUXFWXUHYVY FDQ EH VHW LQ D FRPSXWHU EDVHG OL
OLEUDU\ VKRXOG EH EXLOW FRPSULVLQJ GDWD VXFK DV EULGJ
LOQVSHFWHG VXUIDFHV ORFDOLW\ DQG SURSHUWLHV RI WKH
LQJUHGLHQWY FRQWULEXWH WR WKH EHQFKPDUN WDVNYV

(DFK EHQFKPDUN LQFOXGHV D JHRPHWULFDO GHVFULSWL
FRPSRQHQWYV WKHLU ORFDWLRQ RQ WKH VWUXFWXUH DQG VS
DQG PRWLRQ VHTXHQFHVY WR EH DSSOLHG LQ SHUIRUPLQJ LQVS
WKHP )LIJXUHV QRW RQO\ LOOXVWUDWH VHOHFWHG GH
GHVFULEHG LQ 7DEOH EXW DOVR LQGLFDWH VHW RI WDUJH'
SHU GHWDLO ZKLFK VXJJHVW WKH VHTXHQWLDO ORFDWLRQ RI
1'7 SUREH RU EODVWLQJ QR]]JOH 7KH *5$63 URERW VLPXODWLR
YHULI\ SURSRVHG URERWTTV VXLWDELOLW\ DW WKH ILQDO VWD.

roor



JLIXUH %ULGJH 'HWDLO >$L@ DFFRUGLQJ WR 7DE

JLIXUH %ULGJH '"HWDLO >3 @ DFFRUGLQJ WR 7DEC

roor



JLIXUH %ULGJH '"HWDLO >$ @ DFFRUGLQJ WR 7DE

J)LIXUH %ULGJH GHWDLO >% @ DFFRUGLQJ WR 7D



([WHUQDO PDLQ
WUXVV

JRXUWK SDWK

6HFRQG SDWK

J)LIXUH %ULGJH '"HWDLO >% @ DFFRUGLQJ WR 7DE

J)LIXUH %ULGJH 'HWDLO >% @ DFFRUGLQJ WR 7D



+LQJH
MRLQW

WZR
FDQWLOHYHUV

7KLUG SDWK

2QH RI WKH IRXU
SDWKV WR IROORZ
E\ HQG HIIHFWRU

J)LIXUH %ULGJH

JRXUWK SDWK

3LHU

JLIXUH

&HQWUDO KLQJH RI
GRXEOH FDQWLOHYHU
WUXVV

JRXUWK SDWK

2ULJLQ RI
URERWYV EDVH

'HWDLO >& @ DFFRUGLQJ WR 7DE

+DXQFKHG
DW WKH SLHUV
PDLQ JLUGHU

JLUVW  RRXU
SDWKV IRMRORZ
E\ WKHHQG
HIITHFWRU

2ULJLQ RI
5RERWYV EDVH

%ULGJH 'HWDLO >& @ DFFRUGLQJ WR 7D



J)LIXUH %ULGJH 'HWDLO >& @ DFFRUGLQJ WR 7DEC

%UDFLQJV
6HFRQG SDWK

JLUVW R IRXU
SDWKV WR IROORZ
E\ HQG HIIHFWRU

I9HUWLFDO KDQJHUV
WR GHFNLQJ

2ULJLQ RI
URERWYV EDVH

7TRS R PDLQ
VWHHO DUFKHV

J)LIXUH %ULGJH 'HWDLO >' @ DFFRUGLQJ WR WDEC



S3LHU DEXWPHQW

JLIXUH %ULGJH '"HWDLO > @ DFFRUGLQJ WR 7DE

-

=1}



JRXUWK SDWK

SDWK
3DUW RI RQH

RI WUXVVHG
DUFKHYV
HPEHGGHG LQWR
WKH DEXWPHQW
WKURXJK WKH 2QH RI IRXU
GHFNLQJ SDWK WR IROORZ E\
WKH HQG HIIHFWRU

J)LIXUH %ULGJH 'HWDLO >' @ DFFRUGLQJ WR 7DEC



J)LIXUH %ULGJH '"HWDLO >( @ DFFRUGLQJ WR 7DE(



+RJHUV

8QGHUVLGH RI
DHURIRLO ER]
GHFN

%UDFLQJ WR WK

S\ORQ
2QH RI IRXU 3DUW RI RQH RI
SDWKV WR IROORZ PDLQ S\ORQV
E\ HQG HIIHFWRU 2ULJLQ RI
URERWSfV EDVH
JLIXUH %ULGJH "HWDLO >( @ DFFRUGLQJ WR 7DEC



JLIXUH %ULGJH '"HWDLO >( @ DFFRUGLQJ WR 7DE

J)LIXUH 6FKHPDWLF ,GHDOLVDWLRQ RI 7RRO 2ULH(



6 XPPDU\

6WHHO EULGJHV DOWKRXJK YDU\LQJ LQ VL]IJH JHRPHWU\ DQC(
DIIHFWHG E\ FRUURVLRQ 7KH PDLQ SXUSRVH RI WKLV FKDSWI
DQRG WUDQVODWH WKHP LQWR FRPSXWHU EDVHG JUDSKLFDO UF
OLEUDU\ RI EHQFKPDUNY 7KH EULGJHV GHWDLOV ZHUH VHOH!
RI WKH VLQJOH ZRUNFHOO ZKLFK FDQ EH DWWHQGHG WR E\ D
ZLWKRXW UHORFDWLRQ 7KH JHRPHWU\ RI WKH EULGJH GHWDLC
DERXW WKH FROOLVLRQ HQYHORSH DQG SDWKV WR EH IROORZ
FRQWULEXWH WR DFKLHYLQJ YHUVDWLOLW\ RI WKH SURSR\
GLVWLQFWLRQV DPRQJ WKH GHWDLOV FHUWDLQ DUUDQJHPHQW
ORFDWLRQV RI KLIKHVW FRUURVLRQ ULVN UHPDLQ VLPLOD
REVHUYDWLRQ KHOSV WR DUULYH DW D VROXWLRQ ZKLFK KD
ZLGHU UHOHYDOQFH $GGLQJ WKH YHFWRUV Rl DSSURDFK IR
DSSURSULDWHO\ RULHQWHG 7DUJV JLYHV WKH EDVLV IRU FKR
DUP SOXV ZULVW 7KH FRQWHQWY RI WKLV FKDSWHU DUH
HQYLURQPHQW LGHQWLILFDWLRQ IRU WDVN EHQFKPDUNLQJ 7
LOQVSHFWLRQ DQG UHSDLU PHWKRGV WKHLU FKDUDFWHULVWLF
RI RSHUDWLRQ



&KD SWH UQV SHFWR@®EGHVW RU D WERQRORJ\

,QWURGXFWLRQ

,Q WKH SUHYLRXV FKDSWHU WKH W\SHV DQG ORFDWLRQ R
EHHQ LGHQWLILHG IRU WKH SUREOHP DUHDV RFFXUULQJ LQ WK
LQYHVWLIDWHY WKH LQVSHFWLRQ DQG UHSDLU WRROV DQG
DXWRPDWLRQ DSSOLFDELOLW\ ,WV SXUSRVH LV WR TXDQWLI\ W
YLHZ RI WRRO KDQGOLQJ

ODQ\ FRQVLGHUDWLRQV DULVH ZKHQ UHPRYLQJ UHSODFLC
FRDWLQJVY 7KH\ LQFOXGH L IHDVLELOLW\ RI RYHUFRDWLQJ ~
EDODQFH EHWZHHQ ORFDO UH DSSOLFDWLRQ RI FRDWLQJ DQG
FRDWLQJ LLL FKRLFH EHWZHHQ DQG QHFHVVLW\ RI SDUWLDC
VXUIDFH SUHSDUDWLRQ DQG LY ZRUNHUVY H[SRVXUH DQG SU
DVVHVVPHQW LV FOHDUO\ D NH\ LVVXH LQ WKLYV

(YROXWLRQ RI WKH LQVSHFWLRQ WRROV DQG WHFKQLTXHV
LPSRUWDQW UHTXLUHPHQW IRU DXWRPDWLRQ VWXG\ W LV Q
DQRG PHWKRGV KDYH JRRG DXWRPDWLRQ IDFWRUV WKRVH
DXWRPDWLRQ GXH WR WKHLU VLPSOLFLW\ RI DSSOLFDWLRQ
LQIRUPDWLRQ VSHHG RI LQWHUSUHWLQJ UHVXOWY VHQVLWLY

7TKH DXWKRU V RULIJLQDO FRQWULEXWLRQ LV LQ WKH XS WR |
VXLWDELOLW\ FODVVLILFDWLRQ RI UHVWRUDWLRQ WRROV DI
HVVHQWLDO IRU WKH SURVSHFWLYH GHYLFH V GHVLJQ DSSOL
DQG DVVHVVPHQW FDUULHG RXW LQ WKLV FKDSWHU LV DQ HVV
RI WKH HQDEOLQJ WHFKQRORJLHVY DQG FRPPHUFLDOO\ DYDLOL
IRU LQVSHFWLRQ DQG RU UHVWRUDWLRQ RQ VWHHO VXUIDFHYV

1'7 7TRROV DQG 7THFKQLTXHYV

1'7 1RQ 'HVWUXFWLYH 7HVWLQJ LV WHVWLQJ WKDW GRHV
WKH WHVW SLHFH RU FRPSRQHQW RU LPSDLU LWV GHVLIJQHG X
ZKHUH 1'7 LV RI JUHDW LPSRUWDQFH LV WKH GHWHFWLRQ RI
((WHUQDO IDXOWV PD\ LQYROYH PDFKLQLQJ PDUNV H[WHUQD¢
ILQLVK FUDFNLQJ VWUHVV FRUURVLRQ IDWLJXH DQG FRUUR
EROWY ULYHWV RYHU VWUHVVLQJ DQG K\GURJHQ HPEULWWO
VSHFLILFDWLRQ IRU 1'7 DUH JLYHQ LQ %6 DQG VXEVHTX
XVH RI SHQHwWUDQW PDJQHWLF SDUWLFOH UDGLRORJLFDO



PHWKRGV 7KH PDLQ GHIHFWV DQG 1'7 WHFKQLTXHV DUH
(OHFWURPDJQHWLF LQGXFWLRQ DQG DFRXVWLF HPLVVLRQ KDY
WKH\ DUH DVVHVVHG LQ 6HFWLRQYV DQG 7TDEOH SHI
RI WKH VWUHQJWK DQG ZHDNQHVVHV RI HDFK WHFKQLTXH D
PHWKRGY PRVW VXLWDEOH IRU D SDUWLFXODU DSSOLFDWLF
WHFKQLTXHV LV JLYHQ LQ WKH UHPDLQLQJ VHFWLRQV RI WKLYV

7\SLFDO VXUIDFH FRQGLWLRQV HQFRXQWHUHG RQ EULGJHYV
IROORZV L WLJKW DQG LQWDFW SDLQW ZLWK QR UXVWLQJ
YLVLEOH UXVW LLL ILQLVK FRDW ZRUQ GRZQ WR SULPHU LY
Y IODNLQJ EOLVWHULQJ DOOLJDWRULQJ SDLQW YL EDUH \
UXVWLQJ DQG SLWWLQJ ORRVH IODN\ VFDOH DQG YLLL FRC
>$GGOHVWRQ DQG 5LFH @ W LV YLUWXDOO\ LPSRVVLEOH
DOORFDWH D SDUWLFXODU 1'7 WHFKQLTXH WR HYHU\ VLQJOH
GHIHFWV DUH FRPELQDWLRQ RI RWKHUV DQG VLPLODUO\ W]
HTXDOO\ EH XVHG LQ D FRPELQDWLRQ VW\OH

7TDEOH 6XLWDELOLW\ &RPSDULVRQ RI 1'7 7THFKQLTXHV IR/
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9LVXDO OHWKRGV

'"HWHFWLRQ RI VXUIDFH IDXOWYV LV LPSRUWDQW LQFOXGLQ.
LUUHJXODULWLHYVY 6L]H DQG VKDSH FRPSDULVRQ LV DOVR LPS!
GHWHFW PLVVLQJ SDUWV RU FDYLWLHV 2SWLFDO DVVLVWDC
PDJQLILHUVY RIWHQ FRPH WR DLG ,Q WKH DXWRPDWHG DSSURL
E\ XVH RI ILEUH RSWLFV RU FDPHUDV DV SDUW RI FORVHG FLUF

KLOVW PXFK XVXDO LQVSHFWLRQ ZRUN DQG DVVHVVPHQW LV
LQFUHDVLQJ PRYHV WRZDUG WKH XVH RI VXSSRUWLQJ WHFKQR(
V\VWHPYV ZLWK D IUDPH JUDEEHU DQG SLFWXUH VWRUH ZKLFK
ODSVH 9+6 FDVVHWWH VWRUDJH DQG 3& EDVHG SLFWXUH OLEUL
SODFH RIl VLWH DXWRPDWLRQ VXLWDELOLW\ LV DVVHPEOHG LQ

7DEOH $XWRPDWLRQ &KDUDFWHULVWLFV DQG $VVHVVPHQ
0DLQ &UDFNV YLVXDO DQG JHRPHWULFDO GHIHFWV
$SSOLFDWLRQ

'HVFULSWLR@DPHUD PRQLWRU PHDVXUHV DQG LQVSHFWV FUDFNV XVLQJ

DQG ZLWK PP JUDWLFXOHYV

6SHFLILFDWILRKW RI D SUREH  .*V SUREH VXSSRUW YLGHR UHFRUGHU
&RVW DSSUR]

6HQVRU ORMIPR®D VKRXOG EH PRYHG DW FRQVWDQW VSHHG DQG EH SRV

SHTXLUHPHIQWVFORVH GLVWDQFH WR WKH VXUIDFH RIIVHW KHUH GHS

IRU $XWRPBDWLREHQW 7KH SDWK RI PRYHPHQW VKRXOG EH SURJUDPPH
EULGJH JHRPHWU\

$GYDQWDJHV ORZ FRVW LPPHGLDWH GDWD IRU YLHZLQJ DQG DQDO\VLYV
IURP WKH RSHUDWRU

'LVDGYDQWIDFRYWUROOHG RIIVHW DIIHFWV ILHOG RI YLHZ DQG FUDFN ZLG

/LTXLG 3HQHWUDQW 7HVWYV
SHQHWUDQW SURFHVVHV DUH GLYLGHG LQWR WZR EDVLF J
9LVLEOH SHQHWUDQWY DUH WKRVH WKDW FRQWDLQ D YHU\ EU
GHYHORSLQJ YLHZHG XQGHU EULJKW ZKLWH OLJKW )OXRUHVFEL
IOXRUHVFHV XQGHU ILOWHUHG XOWUD YLROHW UD\ EODFN OLJK
RWK FDWHJRULHV DUH VXE GLYLGHG LQWR WKUHH JURXS)
UHPRYDO PHWKRG

L :DWHU ZDVKDEOH SHQHWUDQWY VROXEOH LQ ZDWHU DUF
HPXOVLILHUV GXULQJ PDQXIDFWXULQJ
LL 3RVW HPXOVLILHG SHQHWUDQW LV QRW VROXEOH LQ ZD

DQ HPXOVLILHU DV SDUW RI WKH FOHDQLQJ SURFHVYV

rof r



ILL 6ROYHQW UHPRYDEOH SHQHWUDQW FDQ RQO\ EH UHPRY
$Q HVVHQWLDO SDUW RI WKH SURFHVYV LV WKH GHYHORSHU 7
ZKRVH IXQFWLRQ LV WR DVVLVW GHYHORSPHQW RI WKH SHQHMW
WKHP PRUH UHDGLO\ YLVLEOH 7KHUH DUH WKUHH EDVLF W\SH
VROYHQW VXVSHQGHG DQG ZDWHU VXVSHQGHG 7KHLU FRUUH
REWDLQ JRRG HYHQ FRDWLQJY DQG QRW GLVWRUW UHVXOWYV
W KDV EHHQ IRXQG WKDW SRVW HPXOVLILHG SHQHWUDQWYV
FUDFNV DQG EHFDXVH WKH\ DUH QRW ZDWHU VROXEOH GR QR
FUDFNV :DWHU ZDVKDEOH SHQHWUDQWY GR QRW HQWHU ILQH |
HDVLO\ UHPRYHG IURP ZLGH VKDOORZ FUDFNV +RZHYHU SRVW
GLIILFXOW WR UHPRYH IURP URXJK VXUIDFHVY DQG WKH\ WHQG
KDYLQJ KLJK OHYHO RI EDFNJURXQG FRQWDPLQDWLRQ 7KHUH]
HPXOVLILHG SHQHWUDQWY IRU WKH H[DPLQDWLRQ RI VPRRWK
FUDFNV DUH VRXJKW DQG ZDWHU ZDVKDEOH SHQHWUDQWYV |IRU
VXFK DV FDVWLQJV
7KH SURFHVV RI FUDFN GHWHFWLRQ XVLQJ SHQHWUDQWYV FRC
GLIITHUHQW HTXLSPHQW DQG DSSOLFDWLRQ LI LW LV WR EH L
DSSOLFDWLRQ RI WKH SHQHWUDQW DQG GHYHORSHU DQG LLL
7KH DSSOLFDWLRQ RI WKH SURFHVV VWDUWYV ZLWK WKH SUF
WKH SHQHWUDQW W LV YLWDO WKDW WKH VXUIDFH LV FOHD
GHDOLQJ ZLWK LQ VLWX PDWHULDOV VXFK DV EULGJH VWDQ
DSSOLHG LQ VXIILFLHQW TXDQWLW\ WR WKRURXJKO\ ZHW WKH
GU\LQJ 7KH LGHDO WHPSHUDWXUH IRU WHVWLQJ LV EHWZH
WHPSHUDWXUHY OHDG WR HYDSRUDWLRQ RI SHQHWUDQWTTV Ol
VORZ GRZQ WKH ZKROH SURFHVV $0OORZHG SHQHWUDWLRQ WL
DIWHU D VSHFLILHG WLPH WKH VXUSOXV PXVW EH UHPRYHG
PXVW EH TXLFN DQG HIILFLHQW WR HQVXUH D FOHDU EDFNJURX
PDGH 7KH SHQHWUDQW FDQ WKHQ EH GULHG LQ ZDUP DLU
zDb\ IRU WKH GHYHORSHU 7KH GHYHORSHU IRUPV D WKLQ TC
DSSHDUDQFH ZLWKRXW FRQWDPLQDWLRQ RU GLVFRORUDWLR!
SODFH XQGHU WKH DSSURSULDWH OLJKWLQJ FRQGLWLRQV $IW
PXVW EH DOORZHG IRU LQGLFDWLRQV WR GHYHORS %HDULQJ \
DXWRPDWLRQ VXLWDELOLW\ DVVHPEOHG LQ 7DEOH LQGLFDW



7DEOH $XWRPDWLRQ &KDUDFWHULVWLFV DQG 6XLWDELC
0DLQ 7KH PHWKRG FDQ RQO\ EH XVHG WR GHWHFW GHIHFW\
$SSOLFDWLRRUIDFH RI D KRPRJHQRXV PDWHULDO WKH PRVW FH!
VXUIDFH FUDFN DUH LQGLFDWHG DQ RSHQ GLVFRQW
@ 7KH PRVW FRPPRQ DSSOLFDWLRQV FKHFNLQJ IRU
WHVWLQJ WKLQ ZDOO YHVVHOV
'"HVFULSWLRBSRVVLEOH WR LGHQWLI\ FOHDUO\ DV GHSHQGDQW RQ
DQG SHTXLUHV SUH FOHDQLQJ WR DOORZ DFFHVV WR FUDF
6SHFLILFDWH[RQ4QG RI VXUIDFH FRQWDPLQDWLRQ
3HQHWUDQW DSSOLFDWLRQ VSUD\LQJ XQGHU SUHVVXL
5HPRYDO RI WKH H[FHVV Rl WKH SHQHWUDQW ZLSLQJ |
'"HYHORSHU DSSOLFDWLRQ EUXVKLQJ RQ RU VSUD\LQJ
(\H LQVSHFWLRQ QHHGV VXIILFLHQW OLJKWLQJ OHYHC
6HQVRU ORBHM®IHV XSRQ H[SHULHQFH RI WKH WHVWHU ,I DXWRF
S5HTXLUHPHSGW®HWUDQW VSUD\LQJ QR]JOH WR EH PRYHG DW FF
IRU $XWRPDSRMVMR®/LRQHG SHUSHQGLFXODUO\ DQG DW FRQVWDQW
VHQVRUV GLVWDQFH WR WKH VXUIDFH DQG SRVW DS
FDUULHG RXW XVLQJ YLGHR FDPHUD RI PRWLRQ UHTX
LQVSHFWLRQ
$GYDQWDJHV VLPSOLFLW\ Rl DOO VWDJHV QR VRSKLVWLFDWHC
FRVW
'LVDGYDQWDJHWKUHH VWDJH SURFHVV LQYROYLQJ YDULHW\ RI K
GLIILFXOW WR DXWRPDWH LQVSHFWLRQ SURFHVV L
DQG KLJK REVHUYLQJ VNLOOV RI WKH WHVWHU FRPEL:
LQWHOOLJHQFH UHTXLUHV SDUWLFXODU FRQGLWLR
RI OLJKWLQJ ZHDWKHU RU HQFORVXUH GHSHQGDQW
W\SH RI ILOP UHTXLUHG VXUIDFH FOHDQOLQHVV |
FDSLOODU\ DFWLRQ RI WKH GHYHORSHU

$GGLWLRQDO DVSHFW RI VXUIDFH LQVSHFWLRQ XVLQJ SH(
FOHDQ XS ZKLFK EHFRPHV EH WKH DGGLWLRQDO VWDJH LQ
WKH QDWXUH RI VXUIDFH FOHDQLQJ WKH SUREOHPV IRU DX\
DGG RQ
5DGLRJUDSKLF 7HVWLQJ 57
7KHUH DUH WKUHH EDVLF PHWKRGV DYDLODEOH IRU WKLYV
HOHFWURPDJQHWLF UDGLDWLRQ RI YHU\ VKRUW ZDYHOHQJWK |
LV VXGGHQO\ UHGXFHG LL *DPPD UDGLRJUDSK\ HOHFWURPEL
ZDYHOHQJWK VKRUWHU WKDQ ; UD\V HPLWWHG E\ WKH Q.



VEVWDQFHY DQG LLL 1HXWURQ UDGLRJUDSK\ QHXWURQV XC
LQ PDVV WR SURWRQV ZKHQ EHDPHG WKURXJK D FRPSRQHQW
DQG PD\ EH XVHG WR SURGXFH UDGLRJUDSKV 7KHVH W\SHV RI |
RQ SKRWRJUDSKLF SODWHV DQG LRQLVLQJ JDVHV 5D\W FDQ
DWWHQXDWHG DV ZHOO DV SURGXFH IOXRUHVFHQFH RU VHFR
SHQHWUDWLQJ DELOLW\ LQFUHDVHV ZLWK YROWDJH RQO\ IRU
WKH WHVWHG HOHPHQW LV UHTXLUHG

7KH SULQFLSOH RI WKLV PHWKRG LV WKH IDFW WKDW ; UD\V
DQ REMHFW XS WR PP WKLFN DUH DEVRUEHG GLIIHUHQWO\ E
YRLGY DQG LQFOXVLRQV FDQ EH YLHZHG DV VKDGRZV LPDJHG F
GHWHFW DQG ORFDWH RI VXEVXUIDFH GLVFRQWLQXLWLHYV ZLWK|
VHSDUDWLRQ DQG GLPHQVLRQDO YDULDWLRQV 7KH SULQFL
LOOXVWUDWHG LQ )LIXUH DQG DXWRPDWLRQ VXLWDELOLW\ L

1RUPDO BRURVLW\ DQG FUDHNNV FUDFNWODJ LQFOXVLRQV
$WWHQXDWLRQ SDUDOOHO WR ;SHOAYHQGLFXODU WRUHDVH
UHGXFH DWWHQXDMVRQ@R DWWHQXDWMWHQXDWLRQ DQG DUH
DQG DUH GHWHFWMHGH XQGHWHFWHGHWHFWHG

JLIXUH i 5DGLRJUDSK\ 7THVWLQJ 57

roor



JRU D JLYHQ LQLWLDO LQWHQVLW\ RI UDGLDWLRQ WKH HPH
WKLFNQHVY DQG WKH DEVRUSWLRQ FRHIILFLHQW RI WKH LQWH

N9 PP RI OHDG DEVRUEV DV PXFK UDGLDWLRQ DV PP RI
7TDEOH $XWRPDWLRQ &KDUDFWHULVWLFY DQG 6XLWDELOLW
0DLQ ‘HOG LQVSHFWLRQ LPSHUIHFWLRQV ZLWKLQ WKH WKL
$SSOLFDWLRQ SRURVLW\ WUDQVYHUVH FUDFNV YRLGV FDYL\
PP GHHS DQG DSSUR] PP ORQJ LQ PP
'"HVFULSWLRQ 6RXUFHV RI UDGLDWLRQ VKRXOG EH DV IROOF
DQG WKLFNQHVV PP &REDOW IRU WKLFNQHVV PF
6SHFLILFDWLRQ UD\V IRU WKLFNQHVYV PP HPLWWHG LQ

VHQVLQJ PHWKRG LV RI SKRWR HPXOVLRQ SKRVSKRU
YLGHR ZKLOH WKURXJK SKRWRFKHPLFDO SURFHVVLQJ
WKH RXWSXW EHFRPHV SURFHVVHG DQG UHFRUGHG

7KH ILOP VKRXOG JHQHUDOO\ EH RI WKH PHGLXP VSHHG
XVH ZLWK RU ZLWKRXW OHDG VFUHHQV 7KH ILOP DQG V
EH HQFORVHG LQ WKH IODW PHWDO RU SODVWLF FDVV
HQVXULQJ VXIILFLHQW ILOP VFUHHQ FRQWDFW
3URFHVVLQJ DQG UHFRUGLQJ PHWKRG SKRWRFKHPLFDC(
ILOP LPDJLQJ

, QWHUSUHWDWLRQ EDVLY GLUHFW LQWHUSUHWDWLRQ
LOGLFDWLRQ FRQWURO RI FRQWUDVW GHQVLW\ DQG U

"HLIKW *DPPD UDGLRJUDSK\ *V ; UD\ HTXLSPHQW
&RVW *DPPD UDGLRJUDSK\ DSSUR] y UDGLRJUD
DERYH
6HQVRU ORWLRQ 7KH ; DQG *DPPD UD\V VRXUFH KDV WR EH SO
S5HTXLUHPHQWYV VXUIDFH PP PP RU VKRUW SURMHFWLRQ G
IRU $XWRPDWLRQ VHW DW D NQRZQ DQJOH WR WKH VXUIDFHTV QI
$GYDQWDJHV SRUWDELOLW\ RI WKH HTXLSPHQW DQG LWV
*DPPD UDGLRJUDSK\ RQO\ ILOP UDGLRJUDSK\ \

UHFRUG RI UHVXOWY DQG LV FRPSDWLEOH WR FRPSX
ODUJH DUHDV FDQ EH LQVSHGHG DW RQH WLPH



'LVBYDQWDJHV DFFHVV WR RSSRVLWH VLGHV LV UHTXLUHG DQ
LV QHFHVVDU\ GHQVLW\ RU WKLFNQHVV YDULDWLRC
VHQVHG LQ ; UDGLRJUDSK\ YROWDJH H[SRVXUH WL
FULWLFDO *DPPD UDGLRJUDSK\ UHTXLUHV VSHFLDO |
HIWHQVLRQ RI VRXUFH VHQVLWLYLW\ GHFUHDVHV ZL'
UD\V EHLQJ OHVV VHQVLWLYH WR PDWHULDO WKLFNQI
1IHXWURQ UD\V HIWHQVLYH H[SHUWLVH LV QHHGHC
LQWHUSUHW UHVXOWYV *DPPD VRXUFH LV XQFRQWUR
WHVWLQJ GXUDWLRQ KDV WR PRQLWRUHG FUDFNV
VRXUFH DQG ILOP JHRPHWU\ DQG DOLJQPHQW DUH FUL
H[WHQVLYH SHUVRQQHO WUDLQLQJ QHHGHG QHHG \
RSHUDWLQJ WKH HTXLSPHQW PRVW LWHPV RI HTX
VWDQG DORQH ZLWK QR LQWHU IDFHV SURYLGHG WR R
PRVWO\ YHU\ EXON\ DQG KHDY\

&RPSXWHU 7RPRJUDSK\ &7

&RPSXWHU WRPRJUDSK\ OLNH UDGLRJUDSK\ XVHV ; UD\ D
LPDJH WKH LQWHULRU GHIHFWV RI DQ REMHFW 7KH &7 LPDJH
I[IURP WKH SHQHWUDWLQJ UDGLDWLRQ H[LWLQJ WKH RSSRVLWH
D GHWHFWRU DUUD\ 7KH LPDJH UHFRQVWUXFWLRQ SURFHVV F
QXPHURXY VRXUFH GHWHFWRU SRVLWLRQV $OWKRXJK WKLYV
DGYDQFHG 1'7 WHFKQLTXHV LW VWLOO KDV VRPH VKRUWFRPLC
FKDUDFWHULVWLFYVY DUH DVVHPEOHG LQ 7DEOH

7DEOH $GYDQWDJHV DQG 'LVDGYDQWDJHV RI &RPSXWHU 7R

$GYDQWDJIHV DXWRPDWHG DQDO\VLV SRVVLEOH JUHDW S
LQVSHFWLRQ PRVW VHQVLWLYH DQG TXDQWLWDWL
PHWKRGV

'LVDGYDQWDJHV GHWHFWRU DQG VRXUFH PXVW URWDWH DUR)
DQJOHV GLUHFW LQWHUSUHWDWLRQ GHSHQGLQJ RQ
WR DOO VLGHV Rl WKH FRPSRQHQW UHTXLUHG UDG

FXVWRP EXLOW FRVW DSSUR]

roor
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7KLV WHVWLQJ PHWKRG UHOLHV RQ KLJK IUHTXHQF\ VRXQG Z
PDWHULDO DQG WKH IDFW WKDW XOWUDVRQLF SXOVHV DUH QR)
SXOVH JHQHUDWRU LV XVHG WR JHQHUDWH DQ HOHFWULF ZDYH
PHFKDQLFDO YLEUDWLRQV E\ D SLH]R HOHFWULF FU\WVWDO SUF
WKURXJK WKH PDWHULDO XQGHU WHVW 7KH UHIOHFWHG VLJQ
FRQYHUWHG EDFN WR DQ HOHFWULF ZDYH DQG UHJLVWHUHG DV

,] D YRLG OLHV GLUHFWO\ LQ WKH SXOVH SDWK WKH LQVWU X
SXOVH WR FLUFXPYHQW WKH YRLG E\ WKH TXLFNHVW URXWH W
ZKHQ D JULG RI SXOVH YHORFLW\ PHDVXUHPHQWY LV PDGH RY
ORFDWHG VHH 7DEOH IRU IXOO DXWRPDWLRQ DSSOLFDELOLMW

$GGLWLRQDOO\ LW LV DGYDQWDJHRXV WR EH DEOH WR REV}
DQRG WR PHDVXUH WKH DWWHQXDWLRQ RI WKH OHDGLQJ HGJH R
WKH VRXQG EHDP DQG UHIOHFW WKH HQHUJ\ EDFN WR D GHWFE
HFKR VLIJQDOV DUH GLJLWDOO\ FRPSDUHG RQ D WLPH ODSVH ED

KHUH D YHORFLW\ LQGLFDWLQJ WHVWHU LV XVHG ZLWK DW\
WKH WUuDQVLW WLPH DQG DWWHQXDWLRQ PHDVXUHPHQWYV FDQ
GLVFROQWLQXLWLHV RI WKH RUGHU RI PP LQ VWHHO DUH IHDVL

7DEOH $XWRPDWLRQ &KDUDFWHULVWLFY DQG 6XLWDELOL)
0DLQ )ODZ GHWHFWLRQ LQ ZHOGV SODWHV FDVWLQJV PHFKDQLFE
$SSOLFDWIFRQQHFWLRQV FUDFN VLWHV 'HWHFWLRQ DQG ORFDWLRQ R
FUDFNV WKLFNQHVV PHDVXUHPHQW RI VWHHO GHWHFWLRQ I

YRLGV QRQ PHWDOOLF LQFOXVLRQV FRUURVLRQ 7KLFNQHV

DFFHVV IURP RQH VLGH RQO\ ZLWK DFFXUDF\ DQG IRU WKL
'"HWHFWDEOH GHIHFW VL]H PLQ PP GHHS DQG DSSUR]J P

'"HVFULSWLR@DQGDUG XOWUDVRQLF GLJLWDO LQGLFDWLQJ V\VWHPV FRP
DQG WUDQVPLWWLQJ KLJK IUHTXHQF\ SXOVH JHQHUDWRU  WR
6SHFLILFDWDRSOLILHU WUDQVGXFHUV ([7[ DQG ([5] WUDQVLW WLPH P}
SURFHVVLQJ DQG D UHFRUGLQJ XQLW
‘HLJKW L WUDQVGXFHUMWV5[IRU ZQGLFDWLQJFWHVWHU
$GGLWLRQDO & 5 2 DWWHQXDWLRQ XQLW FRQWDLQV SXOVH Ji
DQG EXIIHU DPSOLILHUV :HLJKW RV
&RVW DSSUR]J IRU VLPSOH VFDQ PRGHOV .. DQ
VFDQ FRPSXWHULVHG PRGHOV
6HQVRU ORWWIDRQ@GXFHU SHUSHQGLFXODU WR WKH VXUIDFH DW FORVH SLU
5HHPLUHPHQWRRG FRXSOLQJ PHGLXP
IRU $XWRPDWLRQ



$GYDQWDJIHYV KLIJKO\ SRUWDEOH OLJKWZHLJKW XQLWV WHYV
H[SHUWLVH QHHGHG WR WDNH PHDVXUHPHQWYV DELC
RQO\ FRPSDUDWLYH DFFXUDF\ LQ GHWHUPLQLQJ GHIl

'LVDGYDQWDJHYV VXUIDFH PXVW EH FOHDQ VPRRWK IUHH RI U
DOLJQPHQW DQG FRXSOLQJ DUH FULWLFDO KLJK
LOQOWHUSUHWDWLRQ RI VLIJQDO GDWD VPDOO RU WKL
UHTXLUHV SRLQW E\ SRLQW VHDUFK KHQFH H[SHQVLYH

+LIJK ITUHTXHQF\ SXOVH
JHQHUDWRU

7HVW SLHFH
yOoDZ

JLIXUH SOWUDVRQLF 7THVWLQJ 87

&DOLEUDWLRQ

%HFDXVH WKH YHORFLW\ RI VRXQG LQ D PDWHULDO DQG W
LQVWUXPHQWY YDU\ ZLWK WHPSHUDWXUH IUHTXHQW FDOLEU
XQGHU FRQGLWLRQV RI IOXFWXDWLQJ WHPSHUDWXUH %HIRUH
WHVW VHQVLWLYLW\ LV GHWHUPLQHG DQG WKH LQVWUXPHQV
EHWZHHQ VLJQLILFDQW DQG LQVLJQLILFDQW LQGLFDWLRQV 7K
WR EH FDOLEUDWHG

7KH [ D[LV L H WUDQVLW WLPH LV FRPSDUDWLYHO\ HDV\
WHUPV Rl PDWHULDO GLVWDQFH 7R FDOLEUDWH WKH \ D[LV H
WKH REMHFW RI WKH WHVW LV WR GHWHFW GHIHFWV JUHDWHU
LPSRVVLEOH DV WKHUH LV QR DEVROXWH UHODWLRQVKLS E
DPSOLWXGH 7KH VLJQDO DPSOLWXGH GHSHQGV RQ WKH DE
XOWUDVRXQG EDFN WR WKH WUDQVGXFHU 7KLV GHSHQGV RQ
RULHQWDWLRQ VSHFLILF DFRXVWLF LPSHGDQFH DQG VXUIDFH



WKRD[LPXP SHUPLVVLEOH GHIHFW LQ WHUPV RI LWV DFWXDO VL
RWKHU FULWHULD ZKLFK FDQ EH GHILQHG DQG PHDVXUHG $
EORFNV KDV EHHQ GHYHORSHG IRU ORQJLWXGLQDO ZDYH WHVW
5HFHQW '"HYHORSPHQWY LQ 80O0WUDVRQLF 7HVWLQJ

S8OWUDVRQLF WHFKQLTXHVY FDQ EH XVHG WR GHWHFW ERW
DOWKRXJK WKH\ DUH OHVV ZHOO VXLWHG WR VXUIDFH 10DZV
FDQ EH GHWHFWHG XQGHU LGHDO ILHOG FRQGLWLRQV LV HVWL

LQ ORQJ /DWHO\ WKHUH KDV EHHQ WKH LQWURGXFWLRQ R
TXDOLW\ RI WKH XOWUDVRQLF WHFKQLTXH *DOODJKHU DQG 7U
HDUO\ PLFUR SURFHVVLQJ WHFKQLTXHV WR GHYHORS WKH LQk
7KHLU DLPV DUH WZRIROG WR PDNH WKH DFKLHYHPHQW RI DF
REMHFWLYH HYLGHQFH RI WKH WHVW 7KH\ LGHQWLILHG WKH N
UHGXFHG DFFXUDF\

&DOLEUDWLRQ UDQJHV VHQVLWLYLW\ DQG SUREH FKDUDF!
LL SORWWLQJ PHDVXUHPHQW RI HFKR UDQJH DQG DPSOLWX(
7TKHQ VHW DERXW WKH GHYHORSPHQW RI D PLFURSURFHVVRU E
WKH IHDWXUHVY WKDW DUH IHOW GHVLUDEOH VXFK DV
LLL SRUWDEOH DQG VXLWDEOH IRU VLWH XVH
LY ,QWHUIDFHYV ZLWK VWDQGDUG DQDORJXH HTXLSPHQW
Y OHQX SURPSWHG FDOLEUDWLRQ DQG SORWWLQJ URXWLQHYV
YL BUREH HYDOXDWLRQ FDSDELOLW\
YLL $XWRPDWLF WLPLQJ DQG GDWH VWDPSLQJ RI WHVW

7TKH UHVXOW RI WKHLU HIIRUWYV LV WKDW RI D PLFURSURF
NQRZQ DV ODSHO OLFURVFDQ 7KH KHDUW RI WKH V\VWHP LV
'65 ZKLFK LV D VPDOO SRUWDEOH XQLW WKDW LQWHUIDFHYV ZI
GHWHFWRU W FRQWDLQV WKH $ ' FLUFXLWU\ DQG D +XVN\ +D
DQRG VWRUDJH RI XOWUDVRQLF HFKR UDQJH DPSOLWXGH DQG
/&' VFUHHQ SHUPLWV PHQX SURPSWHG FDOLEUDWLRQ DQG GHII
GLVSOD\LQJ WH[W LQSXW 3UREH SRVLWLRQDO GDWD LV JDWK
SRWHQWLRPHWHU ZKLFK FDQ EH XVHG RQ FXUYHG DV ZHOO DV

7KH PDLQ SXUSRVH RI DOO WKH QHZ GHYHORSPHQW LV HQK|
7KH PDMRU DGYDQWDJHV RI XOWUDVRQLF WHVWLQJ DV H[SOD
VXPPDU\ SRUWDELOLW\ VHQVLWLYLW\ DQG WKH DELOLW\ WR
GHIHFWV ZLWK GHSWKYV +RZHYHU WKH PDMRU GLVDGYDQWI
PDFKLQHU\ LWVHOI EXW WKH RSHUDWLYH ZKHUH UHVXOWYVY DU
7KHUHIRUH WUDLQLQJ H[SHULHQFH DQG FHUWLILFDWLRQ DUH



QHOWLYH IHDWXUHY DUH WKDW WKH VLIQDO DPSOLWXGH LV QR
WKH I10ODZ DQG WKDW WKH VHQVLWLYLW\ FDQ VRPHWLPHV E
LQIRUPDWLRQ VXFK DV JUDLQ ERXQGDULHYV DQG YHU\ PLQRU (
PHWKRGYVY FDQ FORXG WKH RYHUDOO SLFWXUH
(OHFWURPDJQHWLF OHWKRGV
7TKHVH PHWKRGY DUH EDVHG RQ WKH SULQFLSOH WKDW ZKF
WUDQVPLWWHG WKURXJK VROLGY UHIOHFWLRQ DQG UHIUDF
GLITHUHQW PDWHULDOV >%XQJH\ DQG OLOODUG @ 7KH LQ
KDPSHUHG E\ XQFHUWDLQWLHYVY VXFK DV HOHFWULFDO DQG PD)
ODIJQHWLF )OX[ /HDNDJH ODJQHWLF )LHOG
6XUIDFH DQG QHDU VXUIDFH GLVFRQWLQXLWLHYV LQ IHUU
OHDNDJH ILHOG RU SHUWXUEDWLRQ LQ DQ LQGXFHG PDJQHWIL
VRXQG EHDP DQG UHIOHFW HQHUJ\ EDFN WR D GHWHFWRU D)\

&ORXG RI PDIJQHWLF SDUWLFOHV

&RQWDFW KHDG 1 &RQWDFW KHDG 6

JLIXUH 7THVW 3LHFH LQ ODJQHWLF )ORZ '"HWHFWLR

7KH HOHFWURPDJQHWLF WHVWHU FRQVLVWYVYV RI D W\SLFDO
VXUURXQGHG E\ WKUHH XOWUDVRQLF GLVWDQFH PHDVXULQJ W
FLUFXLWU\ $Q HOHFWURPDJQHWLF ILHOG LV JHQHUDWHG E\ WK
D VLQJOH RU PXOWLSOH FRLO VI\VWHP 7KH SK\VLFDO SULQFLSO!
HITHFWV 7KH XVXDO SUDFWLFH FRQVLVWY RI PDIJQHWLVLQJ WKF
GLYLGHG SDUWLFOHV RI PDJQHWLF LURQ R[LGH )H RU LURQ
VXUIDFH DW WKH SRLQWV ZKHUH FUDFNV RU RWKHU IORZV FDX\
DXWRPDWLRQ FKDUDFWHULVWLFVY DQG VXLWDELOLW\ RI WKLV P|



7TDEOH $XWRPDWLRQ &KDUDFWHULVWLFY DQG 6XLWDELOLV
oDLQ '"HWHFWLRQ RI FUDFNV DW RU YHU\ QHDU WKH VXUIDFH
$SSOLFDWLERPSRQHQWY VXEMHFW WR KLJK VWUHVVHV RU IDWLJXF
KHDW WUHDWHG GXULQJ IDEULFDWLRQ 'HIHFWV XS WR

XS WR PP EHORZ VXUIDFH
"HVFULSWLRQ@WK SUREHV XVLQJ PDIJQHWLF LQGXFWLRQ D PXOWL FI
DQG ORZ RSHUDWLQJ IUHTXHQF\ W\SLFDOO\ EHORZ +]

6SHFLILFDWIKRQSULQFLSOH LV VLPLODU WR WKDW RI D WUDQVIRUF
WKH GULYLQJ FXUUHQW ZKLOH RQH RU WZR IXUWKHU FR
YLD WKH PDJQHWLF FLUFXLW IRUPHG E\ WKH VHDUFK KF
6XFK LQVWUXPHQWY DUH OHVV VHQVLWLYH WR QRQ P
XVLQJ WKH HGG\ FXUUHQW SULQFLSOH WR EH H[SODLQF
7KH PHWHU VKRXOG LQFRUSRUDWH VFDOHV RU GLJLWD
DGMXVWHG VR WKDW WKH QHHGOH RQ WKH LQGLFD
FRUUHVSRQGV WR WKH DSSURSULDWH FDOLEUDWLRQ
PDQXIDFWXUHU JHURLQJ WKH LQVWUXPHQW
7KH VHDUFK KHDG LV WKHQ VFDQQHG RYHU WKH VXUIDFI
"HLIJKW RI D SUREH DSSUR] GV
&RVW SRUWDEOH XQLWYV IRU VWHHO VWDUW DW ...

6HQVRU ORWIHMHRYPSRW SUREH VKRXOG EH SDUDOOHO DQG LQ GLUHF\

S5HTXLUHPHR®WRVH SUR[LPLW\ GHSHQGLQJ RQ WKH SUREH ,Q FDV

IRU $XWRPDARIOPNDFW EHWZHHQ WKH SUREH DQG WKH VXUIDFH RY
VKRXOG EH DVVXUHG RYHU WKH ZKROH WHVWLQJ DUHD

$GYDQWDJHV UDSLG WHVWLQJ HDVLO\ XVHG IRU DXWRPDWLR
SUHSDUDWLRQ RQO\ FOHDQLQJ IURP JUHDVH DQG RLC
UREXVW SUREHV

'LVDGYDQWDJIJKWREH PXVW EH QHDU WKH VXUIDFH DQG DFFHVV WR
SUREH VL]H DIIHFWV VHQVLWLYLW\ KLIK VHQVLWLYI
LOQWHUSUHWDWLRQ HYHU\ FRPSRQHQW PXVW EH WH
WDW IOX[ WUDYHOV LQ WZR GLUHFWLRQV DW ULJKW D¢
ORQILWXGLQDO DQG WUDQVYHUVH GHIHFWYV GLDJF
GHWHFWHG



(GG\ &XUUHQWYV
(GG\ FXUUHQWYV DUH LQGXFHG LQ D VSHFLPHQ E\ D WLPH YDU

E\ DQ DOWHUQDWLQJ FXUUHQW IORZLQJ LQ D FRLO SUREH
SHUWXUEDWLRQ LQ DQ HOHFWULFDO ILHOG 7KH FRQGXFWRL
LPSHGDQFH LQ WKH H[FLWLQJ FRLO $OWHUQDWLYHO\ D VHSDU

7TKH LPSHGDQFH SURGXFHG GHSHQGV RQ WKH QDWXUH RI WK
PDJQLWXGH DQG WKH IUHTXHQF\ RI WKH FXUUHQW DQG WKH SU
FRQGXFWRU WKH VWHHO XQGHU LQVSHFWLRQ 7DEOH GLVSC
VXLWDELOLW\ RI WKLV PHWKRG



7TDEOH$XWRPDWLRQ &KDUDFWHULVWLFY DQG 6XLWDELOLW
oDLQ $SSOLFDWLRQ LV OLPLWHG WR VHFWLRQV RI VLPSOH J
$SSOLFDWLRRDQJHV WKH LPSHGDQFH LWVHOI DQG PDVNV WKH H
GLVFRQWLQXLWLHV VXFK DV VHDPV ODSV VOLYHUV
LQFOXVLRQV DQG FROG VKXWV OHDVXUH GLPHQVLRQV

SODWLQJ FODGGLQJ ZDOO WKLFNQHVV RXWVLGH GLD

DQG ZHDU 6HDPV DQG FUDFNV DV VKDOORZ DV PP FLC
'HVFULSWLBQWHUQDWLQJ FXUUHQWY LQ WKH VHDUFK FRLO VHW X
DQG WXUQ FDXVH D FKDQJH LQ WKH PHDVXUHG LPSHGDQ

6SHFLILFDWIORIQVUXPHQWY ZRUNLQJ RQ WKLV SULQFLSOH RSHUDWH
N+] LQ VWHHO DQG DUH WKXV VHQVLWLYH WR WKH
PHWDO LQ WKH YLFLQLW\ RI WKH VHDUFK KHDG DQG VSH
$IWHU LQLWLDOLVLQ) WKH VHDUFK KHDG LV VFDQQHG |
LQFOXGH D GHWHFWRU SKDVH GLVFULPLQDWRU ILOW
PDIJQHWLF VDWXUDWLRQ GHYLFHV UHFRUGHUV DQG VL.
(TXLSPHQW YDULDWLRQV H[LVW IRU GLIIHUHQW DSSOL
XVLQJ LPSHGDQFH SODQH DQDO\WLY LL HTXLSPHQW X\
VXUIDFH RU LLL HTXLSPHQW XVLQJ GLIIHUHQWLDO WH
'HLIJKW RI D SUREH DSSUR] GV
&RVW SRUWDEOH XQLWV IRU VWHHO VWDUW DW ...

6HQVRU OR®BAHRNEY SUREH VKRXOG EH SDUDOOHO DQG LQ GLUHFW F
S5HTXLUHPH®WRVH SUR[LPLW\ GHSHQGLQJ RQ D SUREH ,Q FDVH
IRU $XWRPDAMRIORMDFW EHWZHHQ WKH SUREH DQG WKH VXUIDFH RY}

VKRXOG EH DVVXUHG RYHU WKH ZKROH SRVVLEOH DUHD

$GYDQWDJHV UDSLG WHVWLQJ HDVLO\ XVHG IRU DXWRPDWLRQ
OLWWOH RU QR VXUIDFH SUHSDUDWLRQ KLGGHQ G
HVYWLPDWHG QR FRQWDFW EHWZHHQ FRLO DQG PD)
VSHFLDO FRLOV FDQ HDVLO\ EH PDGH YHUVDWLOLW\
UHTXLUHG ORZ FRVW SHUPDQHQW UHFRUG FDSDE

'LVDGYDQWDIWWREH PXVW EH QHDU WKH VXUIDFH DW SHUPDQHQW
HOHPHQW LV UHTXLUHG SUREH VL]H DIIHFWV VHQVL\
SUREH PD\ FORXG WKH LQWHUSUHWDWLRQ DSSOLFDI
RI WKH WHVWHG VWUXFWXUH VHQVLWLYLW\ IRU GHW
GHSWK VKDOORZ GHSWK RI SHQHWUDWLRQ UHIH
DQG GLIILFXOW WR PDNH HGJHV VSHHG WHPSHUDW
SDUW DQG VXUIDFH FRQGLWLRQV VPRRWKQHVV DIIHF
FRPSDUDWLYH DQG QRW TXDQWLWDWLYH

roir



$FRXVWLF (PLVVLRQ $(

'KHQ FUDFNV SURSDJDWH WKH\ HPLW PLQXWH DPRXQWV RI }
RXWZDUG IURP WKH VRXUFH LQ WKH IRUP RI DQ DFRXVWLF ZDYt
Rl WKH VSHFLPHQ GHWHFW DQG PHDVXUH WKHVH ZDYHV DQG S
ORFDWLRQ UDWH DQG RI FUDFN JURZWK

7KH $( WHFKQLTXH LQYROYHV PRQLWRULQJ WKH UHVSRQV
DFRXVWLF IUHTXHQF\ UDQJH WR WUDQVLHQW HODVWLF ZDYH\
HQHUJ\ IURP D ORFDOLVHG VRXUFH LQ WKH FRPSRQHQW >6WUL
SULQFLSOH LQYROYHG LV WKDW WKH FRPSRQHQW LV VXEMHFW
WKH DFRXVWLF UHVSRQVH LV UHFRUGHG 7KH PDLQ DSSOLFD
VWUXFWXUDO VWHHOZRUNV DQG IRU GHWHFWLQJ FRUURVLRQ
FDEOH VWD\HG EULGJHV 7KH SULQFLSOH LV LOOXVWUDWHG LQ

$( WUDQVGXFHU

6 XUIDFH ZDYH
5D\OHLJK 3DFNHW

y

6WUHVV

JLIXUH $FRXVWLF (PLVVLRQ 7THVWLQJ $(

KHQ H[DPLQLQJ FDEOHV IRU FRUURVLRQ D VDWLVIDFWRU\
FDEOH LV WR XVH DQ DLU KDPPHU VWULNLQJ D PHWDO SODWH
FDEOH WR SURWHFW WKH VWUDQGYV +RZHYHU WKHUH LV DC
FDUU\ RXW ORQJ WHUP WHVWLQJ E\ LQVWDOOLQJ VHYHUDO VH
UHVSRQVH XQGHU WUDIILF ORDGLQJ RYHU D SHULRG RI VHY!
UHFRUGHG DV DQ DFRXVWLF HPLVVLRQ FRXQW 1XPHURXV DSS
WR WKH GHWHFWLRQ RI FUDFNV EXW PRUH SDUWLFXODUO\ WI
KDYH EHHQ GHYHORSHG DQG KDYH OHG WR VLJQLILFDQW LPS
DFRXVWLF HPLVVLRQ WHFKQRORJ\ 7KLV QHZHU PHWKRG DV X
PRUH GHSWK WKDQ RWKHU PHWKRGYVY LQ WKDW LW LV ZHOO VX
LGHQWLILHG E\ RWKHU PHWKRGV VXFK DV FUDFN JURZWK F
KLQJH SLQV RU H\H EDUV 7DEOH GLVSOD\V DXWRPDWLRQ F
WKLV PHWKRG



7DEOH $XWRPDWLRQ &KDUDFWHULVWLFV DQG 6XLWDELC
0DLQ '"HWHFWLRQ DQG ORFDWLRQ RI LQFLSLHQW DQG DFWLY
$SSOLFDWLRQ@DFN SURSDJDWLRQ ORFDWLQJ WKH WLS RI NQRZQ F
XQGHUZDWHU PRQLWRULQJ ([DPSOH FRPSRQHQWV LQF
FRQQHFWLRQV LI SURSHU ILOWHULQJ RI IUHWWLQJ QF
FRQQHFWLRQV VRFNHWV ZHE DQG IODQJHV SLQ DQG K

'"HVFULSWLROWK WKLV PHWKRG HQHUJ\ UHOHDVHG DW GHIRUPDWLF

DQG WKH SLHIRHOHFWULF WUDQVGXFHU 7KLV LQIRUPDWLRC

6SHFLILFDWGIRIQWDO FRXQWHUV FRPSXWHU ILOWHULQJ PDJQHWLI
DQG PHWHU LQGLFDWLRQ ,QWHUSUHWDWLRQ RI WKH U]
FRPSDUDWLYH RU GLIIHUHQWLDO DQDO\VLV RI HPLVVL
I[UHTXHQF\ VSHFWUXP DQG GLIIHUHQFHV LQ VLJQDO DUU
"HLIKW FV
&RVW EHWZHHQ ... IRU EDVLF IRXU FKDQQHO XS
FKDQQHO FRPSXWHULVHG PRGHOV

6HQVRU ORSRR®WDFW EHWZHHQ WKH SUREH DQG WKH VXUIDFH VKRX

S5HTXLUHPHQWYV

IRU $XWRPDWLRQ

$GYDQWDJHV KLJKO\ SRUWDEOH LQH[SHQVLYH WUDQVGXFHUV SHL
VWUXFWXUHV RITHU WKH SRWHQWLDO IRU ORQJ WHUP D
UHVSRQVH WR DSSOLHG ORDGYV FDSDEOH RI ORFDW
LQWHUQDO VRXUFH RI HODVWLF ZDYHV FUDFNV OHV
EH GHWHFWHG

'‘LVDGYDQWDJIHMWRXVWLF FRXSOLQJ UHTXLUHVY FOHDQ VPRRWK IOD\
WKLFN FRDWLQJV WUDQVGXFHU DUUDQJHPHQW LV F
ILOWHULQJY ZDYHJXLGHYV DUH UHTXLUHG LQ KLJK QRL
H[SHUWLVH LV UHTXLUHG WR SODQ WHVW DQG LQWHUSL

LQWHQVLI\ WKH HODVWLF ZDYH ILHOG PHDVXUHPHC
VLIJQDOV WUDQVLHQW DQG UDQGRP LQ WLPH VWDQGI
FDQQRW EH XVHG VHYHUDO VLPXOWDQHRXV PHD

YHULILFDWLRQ DQG RULHQWDWLRQ DQG GHWHUPLQDWLI

1RQ HVWDEOLVKHG OHWKRGV DQG 7HFKQLTXHYV

7KH DGYDQFHG PHWKRGVY DQG WHFKQLTXHV FXUUHQWO\ |
GHYLFHVY WKDW FDQ GHWHFW GHFD\ HYHQ EHIRUH YLVLEOH
>7HQVLRG\QH @

6RPH 1'7 PHWKRGV EHLQJ GHYHORSHG LQFOXGH L KLJK
LQWHUQDO YRLGY GHWHFWLRQ DQG LL *DPPD VFLQWLOODWLR



TKHVH DGYDQFHG PHWKRGV JLYH DQ LGHD RI WKH IXWXUH RI 1°
VRSKLVWLFDWHG WHFKQRORJ\ 2WKHU DGYDQFHG PHWKRGV DU
(OHFWURFKHPLFDO 3RWHQWLDO DQG 5HVLVWDQFH OHDVXU
7KH HOHFWUR SRWHQWLDO LV D PHDVXUHPHQW RI WKH G
HOHFWURFKHPLFDO SURFHVV ZKLFK FRPSULVHV WKH SURFH
VXUIDFH WUHDWPHQW QHDUO\ DOZD\V HQVXUHV WKDW WKH |
DFFHSWDEOH OHYHO 7KLV PHWKRG SURYLGHV D VDIHU LQGLFD
WR SURGXFH D UHSDLU ZRUN VFKHGXOH WKH DPRXQW RI GDPD
OHVV ZKLFK PHDQV WKDW VXEVWDQWLDO UHGXFWLRQV WR [XV
$00 WKHVH FKDUDFWHULVWLFYVY DUH DVVHPEOHG LQ 7DEOH
DGYDQWDJH DQG GLVDGYDQWDJH LQ DXWRPDWLRQ

7TDEOH $VVHVVPHQW Rl (OHFWURFKHPLFDO 3RWHQWLDO DQC

$GYDQWDJHYV SRWHQWLDO GHSHQGV RQ WKH UDWH RI FRUL
HDUO\ VWDJH WKH LQIOXHQFHYVY RI FRUURVLRQ FDQ
VLIQV RFFXU RQ WKH VXUIDFH

'LVDGYDQWDJHYV VHQVLWLYH PHDVXUHPHQW UHTXLUHV KL.
HTXLSPHQW DYDLODEOH XS WR GDWH VWLOO LPSHUIHF\

,QIUD UHG 7KHUPRJUDSK\

$OVR NQRZQ DV WKHUPDO LPDJLQJ >7LWPDQ @ WKLV P
WHPSHUDWXUH RI DQ REMHFW DQG PRVW LPSRUWDQWO\ GLIIHL
$ VFDQQHU WKDW FRQVLVWY RI DQ LQIUD UHG ,5 GHWHFWRU Z
UHIHUHQFH WHPSHUDWXUH LV XVHG WR PHDVXUH VXUIDFH WHP
Rl FRROLQJ PDWHULDOYYV VWUXFWXUH DQG FRPSRVLWLRQ FDQ

ILTXLG QLWURJHQ LV XVHG DV D FRRODQW EXW FRXOG RQO
WDUJHW S5HFHQW GHYHORSPHQWYV LQFOXGH WKHUPRHOHFWULF
ZKLFK RIITHUV JUHDWHU IOH[LELOLW\ DQG VL]H UHGXFWLRQ RI
FRPSXWHU HQKDQFHPHQW RI WKH LPDJHV FDQ DOVR EH XVHG
FKDUDFWHULVWLFY DUH FODVVLILHG DQG DVVHPEOHG LQ 7DEOF



7TDEOH 6XLWDELOLW\ $VVHVVPHQW RI ,QIUD UHG 7KHUP
$GYDQWDJHV FDQ EH XVHG ZKHUH WKH GHODPLQDWHG SRUW
WKDQ WKH VXUURXQGLQJ DUHDV LQ UHVSRQVH WR DLU
RU D FRQWUROODEOH KHDWLQJ FRROLQJ VRXUFH W
GXH WR YDULDWLRQV LQ PDWHULDO TXDOLW\ DQG TXI|
KHDWLQJ DQG FRROLQJ UDWHYV VFDQQLQJ VA\VWHP JL
ZLWK UHVROXWLRQ RI OHVV WKDQ & EHWZHHQ GLIIHUF
FDUULHG RXW IURP D GLVWDQFH WR WKH VXUIDFH

'LVDGYDQWDJHV RQO\ PHDVXUHV VXUIDFH WHPSHUDWXUHV
VXSSO\ YHUVXV FRROLQJ FKDUDFWHULVWLFV HI[SHQYV

$XWRPDWLRQ 3RWHQWLDO $VVHVVPHQW RI 1'7 LQ ,QVSHFWI

7KH DXWRPDWLRQ SRWHQWLDO RI WKH LQVSHFWLRQ WHFKQL
IROORZLQJ FULWHULD L VLIH ZHLJKW DQG PDQRHXYUDELOLW
RSHUDWLRQ LLL W\SH RI SRZHU VXSSO\ LY W\SH RI GDWD |
DFFXUDF\ UHTXLUHG YL RYHUDOO VXLWDELOLW\ IRU DXWRPL
VXSHUYLVLRQ DQG LQYROYHPHQW UHTXLUHG WR SHUIRUP D
>&KDPEHUODLQ @ 7KH FKRLFH RI DVVHVVPHQW FULWHULD
VXFK DV SD\ORDG W\SH RI PRWLRQ W\SH RI PRWRUV DX[LOLDL
Rl GDWD SURFHVVLQJ QXPEHU DQG W\SH RI '2) VL]H UHDFK IR

7KH SUREH VSHFLILFDWLRQ LV WKH YLWDO HOHPHQW RI WKH
7KH VL]H DQG ZHLJKW RI WKH SUREH WRJHWKHU ZLWK RSHUDW
GH[WURXV HQYHORSH DV ZHOO DV WKH VHTXHQFH RI HQG HIIHF
URERW SURJUDP

7TKH 1'7 WHFKQLTXHYV UHTXLUH L D VRXUFH WKDW SURMHF
PHFKDQLFDO ZDYHV LPSXOVHV RU DIJHQWYV LL D VHQVRU FDSI
WKH HQHUJ\ DIWHU SDVVLQJ WKURXJK WKH PDWHULDO LLL D
GDWD DQG LY GLVSOD\ DSSDUDWXV E\ ZKLFK WR REVHUYH DC(
UHTXLUHPHQWY WDNH LQWR DFFRXQW QRUPDOLW\ SHUSHQG
VXUIDFH SUR[LPLW\ UHTXLUHPHQWYV IRU VSHFLILF PRWLRQ I
OLPLWDWLRQ

7KH DERYH REVHUYDWLRQV DQG WKH LQIRUPDWLRQ FRQWLEL
DVVHPEOHG LQWR D EULHI FRPSDUDWLYH 7DEOH EHORZ



$SSOLFDWLRRZHU
RSHUDWLRQASSRUW GDWD

ODQRHXYUDELOL

7DEOH
6L]H
JDFWRUV  tHLJKW
WA
OHWKRG
9LVXDO P
OHWKRGV OHG
&DPHUD *V OHG
/LTXLG 18 18
3HQHWUDQM z
TH/WV

S8OWUDVRQERPSDFW

7HVWLQJ SV
Y
OHG
5DGLRJUDSKL
F 7THVWLQJ 6PDOO
\ UD\ RV
IRZ
(ORWURPDJQ P
HWLF 6PDOO
,PSXOVH SV
50GDU IRZ

(OHFWURPDBG
HWLF Y
ODJQHWLF OHG

) OX]
(OHFWURPDBG
HWLF (GG\.*V
&XUUHQW OHG

$FRXVWLF P
(PLVVLRQ 6PDOO
PV
+UK

(OHFWURFKBW®PIH
FDO 3RWHQWLNO
5HVLVWD/QRZH

OHDVXULQJ

,QIUD UHG OHG
7TKHUPRJUDW®W ZW

Q7

6WDWLF RU
VORZ PRWILiRWQWV

0OXOWL VWDJH

$XWRPDWLRQ 3RWHQWLDO RI 6XUYH\HG 1'7 OH\

7\SH Rl 2SHUDWLR@PIONDEXPDQ
DFFXUDF\ LOLW\LQYROYH
FROOHFWLBBTXLUHG IRU PHQW
DXWRPUHTXLUHG
DWLRQ
KLJK

K JIK
9LGHR &RQVWDQW RIIVHW

UHFRUGLQJ

9LGHR 3UH FOHDQLQJ

FRPSOH[ :DWWV UHFRUGLQBSRUWDQW
(DV\ WRLFURSURMDORJ 3UREH
SHUIRUP VVRU ZLWKUHFW DOLJQPHQW
3UREH $ ' ERDUG FRXSOLQJ
SRVLWLRQ FULWLFDO
FULWLFDO
6LPSOH 9 $QDORJ &RQVWDQW PLQ
KHDOWK $& RU 9GLUHFW GLVWDQFH
KD]DUG '& RUPDO WR
VXUIDFH
6LPSOH UDZ $QDORJ &RQWDFW ZLWK
GDWD RU 6SHFVBEBFLDOVXUIDFH

FROOHFWIMNRXBSRUWXQLW

FRPSOH[ XVR W
QWHUSUHW

6LPSOHVR 6SHFLDO $QDORJ
SHUIRUP VXSSRUW GLUHFW

XQLW

6LPSOHVR 6SHFLDO $QDORJ
VXSSRUW GLUHFW

SHUIRUP
XQW
ODLQO\ VWDOWLE
(DV\  WR
SHUIRUP
GLIILFXORV
LQWHUSUHW

&RPSOH[ 6PDOO

0OXOWL VWDJH

GLIILEXOW WR

VSHHG FRQWURO

&RQWDRWFH
QRUPDO WR
VXUIDFH

&RQWDRWFH
QRUPDO
VXUIDFH

WR

OLFURSURRID\

WRU ZLWHUPDQHQW
$' ERDUGRQWDEWWK
GLUHFW VXUIDFH

OLFURSURRHQ WD EWW K
VVRU ZIWKKJIDFH

$ ' ERDUG

GLUHFW

6POLFORSURRH)WDFW ZLWK
VVRU ZIWKH VXUIDFH QRW



K\ /IRZ LQWHUSUHW $ ' ERDUG QHFHVVDU\

GLUHFW
1% GXH WR WKH QDWXUH RI WKH WHVW WKH DVVHVVPHC(
DSSOLFDEOH
,Q 7DEOH WKH YDOXHV LQ FROXPQ DQG KDYH WR

UHDFKHG E\ WKH DXWKRU EDVHG RQ WKH EHQFKPDUNLQJ DQC
PHWKRGY $W RQH HQG RI WKH VSHFWUXP WKHUH LV D PH
DXWRPDWHG ZLWK QR PDQXDO RSHUDWLRQV DW DOO DQG DW
VWDJH DQG LQWULFDWH LQ DSSOLFDWLRQ WKDW QR DXWRPEL
PHWKRG

7TDEOH SUHVHQWYV YHU\ GHWDLOHG VXLWDELOLW\ RI DOO
GHIHFWVY 7DEOH EHORZ SURYLGHV D VKRUWHQHG YHUVLI
IURP WKH GHWDLOHG DQDO\WVLV RI WKH PHWKRGV FDUULHG RX

7TDEOH $SSOLFDELOLW\ DQG 9HUVDWLOLW\ RI 1'7 OHWK
/LTXLSOWUDYRGORJUPSHF (ORWUSFRXV (OHFWU |
G QLH KLH WURPRPDJ WLF RFKH QIUD
SHQHWHVWLQ7THVWLQDJQ QHWORPLVV POFDO UHG
UbDQW HWLF (GG\ LRQ 3RWHOMHUP
7THVWYV &XUUH IDO RJUDS
0DJ QW G K\
HW 5HVLVW
F DQFH
)OX]| OHDVX
wQJ
WHDUV

6XEVXUIDFH QRW ORZHU
WKDQ PP EORZKROHV [ UD\
LQFOXVLRQV

,QWHUQDO EORZKROHYV [ UD\
VKULQNDJH FDYLWLHYV JDV VHFWLRQ UD\
KROHV LQFOXVLRQV V. RYHUHFWLRQV

PP RYHU
PP

,QWHUQDO VKULQNDJH 0 i
SRURVLW\ RSHQ JUDLQ
6XLWDELOLW\ EHVW

5HOLDELOLW\ RI 1'7
7KH FDXVHV RI XQUHOLDELOLW\ DQG KHQFH JUHDWHU FRVW:
UHODWHG WR D QXPEHU RI SRVVLEOH VRXUFHV >*DOODJKHU DC
L 7KH GHILQLWLRQ RI GHIHFWV ,Q DQ\ LQVSHFWLRQ D ¢
ZKLFK H[FHHGV WKLV OLPLW DUH FODVVHG DV GHIHFWV ZKLOH
SODFHPHQW RI WKLV GLYLGLQJ OLQH LV EDVHG RQ D FRQVLGH



IODZ UHPDLQLQJ XQGHWHFWHG G6HWWLQJ WKH OLPLW ORZ ZLO
GHWHFWLRQ UDWH EXW DW WKH VDPH WLPH PRUH RI WKH GHIF
IDLOXUH 7KHUHIRUH WKH GLYLGLQJ OLQH VKRXOG EH EDVHG
LWVHOI LQ WKH FRPPRQ FDVH RI FUDFN GHWHFWLRQ LW ZRXO
ZLOO GHSHQG XSRQ WKH W\SH RI 10DZ EHLQJ VWXGLHG D!
GLVFULPLQDWLRQ EHFRPHV FRPSDUDEOH WR WKH FXUUHQW F
UDSLG IDOO LQ UHOLDELOLW\ +RZHYHU WKLV GRHV QRW WD
DVSHFWV RI LQVSHFWLRQ DQG WKH UDSLGO\ ULVLQJ FRVWV W
EUDNH RQ WKH VHOHFWLRQ RI XQUHDOLVWLF LQVSHFWLRQ V\
EDODQFH WKH GLVFULPLQDWLRQ OHYHO ZLWK ERWK WKH SHU
IDLOXUH DVVHVVPHQW

LL 7KH SK\WLFV RI WKH LQVSHFWLRQ SURFHVV 7KH SHUIR
RQH RU PRUH RI D QXPEHU RI SK\VLFDO SKHQRPHQD DQG WKH
GHWHUPLQH WKH IXQGDPHQWDO FDSDELOLW\ RI WKH WHFKQL"
WKH UHODWLYH PHULWY DQG OLPLWDWLRQV RI HDFK RI WKH |
ZLGH YDULDWLRQV EHWZHHQ WKH DSSURDFKHV WR LIJQRUH W
LOQVSHFWLRQ IRU ZKLFK WKH VXFFHVV UDWH LV VPDOO DOWKI
VSXULRXV LQGLFDWLRQV :KHQ FRQFHUQHG ZLWK FUDFNV XOV
DQG D UDSLGO\ ULVLQJ GHWHFWLRQ SUREDELOLW\ LV H[SHFWI
FUDFNV EXW WKH QHHG WR DOLJQ WKH FUDFN DQG WKH EHELC
PHDQV WKDW IRU D VWUDLJKWIRUZDUG UDGLRJUDSKLF LQVSH
ULVH VORZO\ ,Q WKLV VLWXDWLRQ HGG\ FXUUHQWV ZLOO Q
LQVSHFWLRQ 7KHUHIRUH PDQ\ FRQVLGHUDWLRQV KDYH WR EH

LLL 7KH QDWXUH RI WKH WHFKQLTXH HPSOR\HG +DYLQJ F
LV QHFHVVDU\ WR FKRRVH DQ DSSURSULDWH LQVSHFWLRQ WHI
XOWUDVRQLF DSSURDFK WKH PRVW VXLWDEOH XOWUDVRQLF \
WDVN LQ KDQG IRU H[DPSOH WKH G% GURS WHFKQLTXH LV O
ODUJHU WKDQ WKH XOWUDVRQLF EHDP ZLGWK WASLFDOO\ PR
VHOHFWHG WR GLVFULPLQDWH DW D VL]H RI RQO\ PP WKH LQV
7TKHUHIRUH LW LV YLWDO WR KDYH D UHDVRQDEO\ DFFXUDWH
FKRVHQ WHFKQLTXH DW DQG DURXQG WKH OHYHO RI GLVFULPL(

LY 7KH LQVSHFWLRQ HQYLURQPHQW 7KLV PD\ DIIHFW WKF
JHRPHWULF IDFWRUV DQG WKH ZRUNLQJ HQYLURQPHQW *HR
FRPSOH[ QRGH MRLQWV RI RLO ULJV DUH FOHDUO\ PRUH
VWUDLIJKWIRUZDUG EXWW ZHOG DQG ZKHQ WHFKQLTXHYVY DUH
FRPSOH[LW\ WKLY LQWURGXFHY PXVW EH WDNHQ LQWR DFFRX



VDHW\ 0DQ\ LQVSHFWLRQ HQYLURQPHQWY DUH H[WUHPHO\ KD]
%ULGJH RU VRPH XQGHUZDWHU LQVSHFWLRQ

Y 7KH W\SH RI HTXLSPHQW HPSOR\HG 7KLV FRQFHUQV W]
HTXLSPHQW IRU WKH WDVN LQ KDQG DQG WKH PHWKRG RI UHF
WKDW LV QRW HDV\ WR XVH ZLOO UHVXOW LQ YDULDELOLW\ L
UHOLDELOLW\ 5HFHQWO\ WHFKQLTXHV WKDW WHQG WR SURYL
ZKLFK FDQ EH UHFRYHUHG IRU ODWHU DQDO\VLV DZD\ IURP W]
PRUH IDYRXUDEOH 7KH FRQWLQXHG LQFUHDVH LQ FRPSXWH
SUREOHP RYHU D SHULRG RI WLPH SURYLGHG WKH YHU\ GLIII
LQWHUSUHWDWLRQ RI 1'7 GDWD FDQ EH RYHUFRPH

YL 7KH RSHUDWRU ,Q JHQHUDO WKH RSHUDWRU ZLOC
VWUDLJKWIRUZDUG DQG LI WKH\ KDYH FRQILGHQFH LQ WKH WH
FRPSOLFDWHG E\ SVI\FKRORJLFDO IDFWRUV VXFK DV EHOLHI L¢
KH FDQQRW UHDOLVWLFDOO\ PRQLWRU KLV SURJUHVV RU FR
RSHUDWLYH PD\ GLPLQLVK DQG WHPSWDWLRQ IRU VKRUW FX
UHOLDELOLW\ LV D PDMRU IDFWRU

7KHVH IDFWRUV DQG UHTXLUHPHQWV VHHP REYLRXV E
FRQVLGHUDWLRQV LQ HVWDEOLVKLQJ UHOLDELOLW\ DQG OLPL
XQUHOLDEOH LQVSHFWLRQ >*UHJRU\ @

&RVW RI 1'7

7KH FRVWYV RI WHVWLQJ DUH PDGH XS RI VHYHUDO IDFWRU\
FRVWV RI WHVW PDWHULDOV VXFK DV ; UD\ ILOP OLTXLG SH(
RSHUDWLQJ FRVWY VXFK DV HOHFWULFLW\ ZDWHU DQG VEFDI
HTXLSPHQW GHSUHFLDWLRQ DQG LQVXUDQFH DQG YL H[WHU(
SXEOLF IURP WHVWLQJ RSHUDWLRQV 7KHVH FRVWYVY FDQ YDU\
DQ\ VLQJOH QRQ GHVWUXFWLYH WHVW 7KH PRVW LPSRUWDQW
L 4XDQWLW\ RI VWDJHV DQG DFWLYLWLHYVY WHVWHG DV LQ V
WLPH LV LPSRUWDQW LQ QRQ GHVWUXFWLYH WHVWLQJ 6F
SHQHWUDQW WHVWLQJ KRZHYHU RWKHUV VXFK DV UDGL
KDOI DQ KRXU $ VXSSOHPHQWDO IDFWRU LV WKH YDULHW
DQG WKH WRWDO TXDQWLW\ RI WHVWV
LL +DQGOLQJ RI WKH SDUWV WR DQG IURP WKH WHVW XQLW
RSHUDWLRQ SDUW KDQGOLQJ PD\ I[UHTXHQWO\ FRVW PRL
LWVHOI ,Q FRQVLGHULQJ WKH FRVW RI QRQ GHVWUXFWIL



FROQVLGHU PHWKRGY OHDGLQJ WR WKH WHVWV DV ILHOG
PHWKRGV VXFK DV FOHDQ XS WHVWLQJ HTXLSPHQW UHPR
LLL +DQGOLQJ RI WKH SDUWV GXULQJ WKH WHVW SURFHVV
LY $XWRPDWLRQ RI WKH WHVW PDQ\ WHVWYVY GHPDQG RSHUD
GHYHORSPHQW RI PLFURSURFHVVRU EDVHG WHVWLQJ V\VW
WR UHGXFH RSHUDWRU UHOLDQFH LQ DOPRVW DOO QRQ Gt
Y 6HQVLWLYLW\ UHTXLUHG RI WKH WHVW PHWKRG WKLV UH
DFFXUDF\ UHTXLUHG IRU D SDUWLFXODU RSHUDWLRQ ZKL
IRU WKH RSHUDWRU DQG PRUH WLPH IRU WHVW UHVXOWYV
YL 7TROHUDQFHY SHUPLWWHG LQ WKH LOQWHUSUHWDWLRQ R
VHQVLWLYLW\ WKLY FDQ EH WKH PRVW H[SHQVLYH SDUW R
GHSHQG XSRQ WLPH ZKLFK ZLOO PHDQ JUHDWHU ODERXU
YLL SBHUFHQWDJH RI GHIHFWLYH SDUWYV IRXQG E\ WKH WHVW
VSHQW RQ WKH RSHUDWLRQ
&RQVLGHUDWLRQ RI HDFK RI WKHVH IDFWRUV LQGLFDWHYV
+RZHYHU WKH FRVWV RI VXFK RSHUDWLRQV ZLOO GHSHQG SD
VAVWHP

SHVWRUDWLRQ OHWKRGV DQG (TXLSPHQW

%DVHG RQ WKH LQVSHFWLRQ UHVXOWY WKH FRQGLWLRQ F
WHUPV RI WKH SHUFHQWDJH RI WKH VXUIDFH VKRZLQJ VRPH
VKRZLQJ SURWHFWLYH FRDWLQJ GHWHULRUDWLRQ JUHDWHU W
HITHFWLYH WR FOHDQ WKH HQWLUH VWUXFWXUH

6XUIDFH FRQWDPLQDQWY VXFK DV UXVW UXVW VFDOH FKH]
GXVW RLO JUHDVH DQG PRLVWXUH ZLOO FDXVH SRRU ERQGLC
*RRG VXUIDFH DGKHVLRQ RI WKH SULPHU LV HVVHQWLDO DQG
VXEVWUDWH LV FOHDQ DQG DOVR KDV DQ DQFKRU SDWWHUQ
SURGXFHG E\ DEUDVLYH EODVW FOHDQLQJ

7KH HVWDEOLVKHG VXUIDFH FOHDQLQJ WHFKQLTXHV FDQ EF
EODVWLQJ ROLYLQH VDQGYV LL DEUDVLYH JULW EODVWLQJ
FRDO VvODJ JULW JODVV EHDG VWDXUROLWH RU JDUQHW VSR
LFH EODVWLQJ Y FKHPLFDO FOHDQLQJ DQG YL QHHGOH JXQ
Rl WKH VLOLFD VDQG XVHG WUDGLWLRQDOO\ LQ GU\ DEUDVL)
FDXVHG WKH QHHG IRU DOWHUQDWLYH VXUIDFH SUHSDUDWLRQ
RU JULW EODVWLQJ ZDWHU EODVWLQJ RU YDFXXP EODVWLQJ D



&OVVLINLQJ PHWKRGV DFFRUGLQJ WR WRROV JLYHV L LP
SRZHU VFDEEOHUV EXVKLQJ KDPPHUV SRZHU FKLVHOV DQG
ZLUH EUXVKHV VDQGHUV DQG FXWWHUV DQG LLL URWDU\ I
URWDU\ SHHQLQJ PDFKLQHYV

$OVR DV WKHUH LV D OLPLWHG QXPEHU RI HTXLSPHQW VXS
WRROV DQG VA\VWHPV DUH FRPPRQO\ DVVRFLDWHG ZLWK HDFK |

1'7 )LHOG 7RROV

'"HVSLWH WKH UHODWLYHO\ JRRG GHIHFW GHWHFWLRQ FDS
WHFKQLTXHYV LW LV RIWHQ GLIILFXOW WR REWDLQ JRRG SHI
>0DQQLQJ @ JRU H[DPSOH VHQVLWLYLW\ PD\ EH VDFUL]
FRYHUDJH HDVH RI RSHUDWLRQ RU SRUWDELOLW\ 6RPH RI
HTXLSPHQW PD\ EH ORVW GXH WR WKH OLPLWHG RSHUDWRU
VXUIDFH FRQGLWLRQ 7R RYHUFRPH VRPH RI WKHVH GLIILFXOW
EHHQ GHYHORSHG VXFK DV $&' VI\VWHP E\ DQ $PHULFDQ 5HVH
5HVHDUFK ,QVWLWXWH IRU GHWHFWLQJ IDWLJXH FUDFNV >7H
DFRXVWLF FUDFN GHWHFWRU $&' DQG D PDJQHWLF FUDEFN
LQVWUXPHQW V\VWHP LQWHQGHG IRU XVH RI VHPL VNLOOHG
GHWHFW $&' DQG WKHQ GHILQH 0&" WKH OHQJWK RI WKH FU
KDQG KHOG SUREH DQG EDFNSDFN

7KH $&' FRQVLVWYVY RI D 0+] f ZHGJH XOWUDVRQLF SUR
GLJLWDO GLVSOD\ RI WKH GLVWDQFH IURP WKH SUREH WR W
LOQFRUSRUDWHY IHDWXUHV WR PHDVXUH WKH HIIHFWLYHQHVYV
LQGLFDWH D SUHVHQFH RI WKH GHIHFW WKURXJK HDUSKRQHV
WR P ITURP WKH UHJLRQ WR LQVSHFWHG GHSHQGLQJ RQ W
HISHFWHG VHQVLWLYLW\ XQGHU WKRVH FRQGLWLRQV LV WR EH
RU PRUH 2QFH WKH FUDFN LV LGHQWLILHG WKH 0&' LV XVHG W

7KH 0&'" FRQVLVWY RI DQ LURQ FRUH HOHFWURPDJQHW RSHU!
FXUUHQW 7ZR GLIIHUHQWLDO FRLO SLFNXSV RULHQWDWHG VH
PDIQHW GHWHFW GLVWXUEDQFHYVY LQ WKH PDIJQHWLF ILHOG ZKF
WKH SUREH DQG VRXQG WKURXJK WKH HDUSKRQHV VLIQDOV \
IROORZLQJ WKH FUDFN ZLWK WKH SUREH WKH OHQJWK RI WKH
GHVLIQHG WR GHWHUPLQH FUDFN OHQJWKV WR ZLWKLQ PP D
ROG SDLQWHG VXUIDFHYV



$VVHVVPHQW RI $XWRPDWLRQ 3RWHQWLDO

7TKH VXLWDELOLW\ RI
DVVHVVHG DFFRUGLQJ WR WKH
YHUVDWLOLW\ WR WKH YDULHW\ RI
Y OHYHO RI

EULGJHV

7TDEOH
?AVSHFWYV

6LIJH ZHLIJKWHUVDWLOLWSHWRI SRZHU/HYHO RI

WKH UHSDLU WRROV DQG WHFKQLTXHYV
IROORZLQJ FULWHULD L
VXUIDFHYV
RSHUDWLRQDO DFFXUDF\ >&4KDPEHUODL

VL]F

LLL W\SH RI SR.

$XWRPDWLRQ 3RWHQWLDO RI &RPPHUFLDOO\ $YDLO!

2SHUDWLRQDO

PDQRNWUDELOLWDULHW\ RI VXSSRUW VXLWDELOLWWDREXUDF\
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OHG KLJK
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&ULWLFDO 5HYLHZ RI &RPPHUFLDOO\ $YDLODEOH 5
 QVSHFWLRQ DQG 5HVWRUDWLRQ

7KH DXWKRU IHOW WKDW FRPSLOLQJ DOO FRPPHUFLDOO\ DY
bv ZHOO DV LQ UHVHDUFK ODERUDWRULHYV IRU LQVSHFWLRQ
YDULHW\ RI VWUXFWXUHYV DQG HQYLURQPHQWY ZLOO VXPPDL
7TDEOH

&ULWLFDO UHYLHZ RI WKH DXWRPDWHG V\VWHPV LV FDUULH
FULWHULD L YHUVDWLOLW\ IRU YDULHW\ RI EULGJHV LL 10
VWUXFWXUH LLL W\SH DQG OHYHO RI DXWRPDWLRQ LY FRP
SURFHVV FKDUDFWHULVWLFYV Y OHYHO RI HQYLURQPHQWDO
OHYHO RI VSHFLDOLW\ XVH RI HQDEOLQJ WHFKQRORJLHYV

7DEOH $VVHVVPHQW RI &RPPHUFLDOO\ $YDLODEOH $XWH

DXWRPDWHG 5HVWRUDWLRQ 6\WVWHPYV

I9HUVDWLOPOM[LELOLWNSHQDQG&RPSDWLELOHWHO RI /HYHO RI
1 $VSHFW IRU YDULHWAFHVVLQJOHYHO REHWZHHQ WKHYLURQPWSHFLDOLW\

Rl EULGJHWKH ZKR®XWRPDWIPRRELOLW\ DQ@WDO XVH RI
+DUGZDUH VWUXFWXUH SURFHVV SURWHFWLRQDEOLQJ
FKDUDFWHUFRWMWDLQPHFKQRORJLHV
? Y% QW
?

$/3+% IRZ IRZ +LJIK IRZ <HV +LJIK
7KH $TXD % OPA W IRZ IRZ OHG 1R IRZ

30XV
$XWR % ODVWHREZ IRZ +LJIK OHG 1R OHG
/IDVHU 9DF OHG +LJIK IRZ +LJIK 1R OHG
/7& 5SRERWLF 8QG&W OHG +LJK IRZ <HV +LJIK
1HOFR 6\WWHPRZ 0HG IRZ IRZ 1R OHG
6DQGUROG OHG OHG OHG +LJIK 1R +LJIK
6\WWHPV ,QF
BEKLS POFF060HG OHG +LJK OHG <HV OHG
'"HSDLQWLQJ
6\WWHP
.6 OHG IRZ IRZ IRZ <HV OHG
9DFXXP %ODVW
ODFKLQH
%ODVWPDQ %/RZ IRZ OHG IRZ <HV IRZ
%ODVWPDQ %/RZ /IRZ OHG IRZ <HV IRZ
%ODVWPDQ %0 HG IRZ OHG OHG <HV OHG
%ODVWPDQ %QHG OHG +LJIK OHG <HV OHG
%ODVWPDQ 95K OHG +LJK +LJIK <HV +LJK

XQLWYV

S5SRERWLF % WHG&JI H OHG +LJK OHG <HV +LJK



3DLQW 5HPRYDO
6\VWHP E\
5%35

$XWRPDWLRQ IRU %ULGJHYV

7DVN SODQQLQJ SURFHGXUHV FRPELQH DFWLYLWLHV RI YDLU
OHYHOVY 7KH JOREDO OHYHOV LQFOXGH LGHQWLILFDWLRQ R
DSSUR[LPDWH YROXPH RI WKH ZRUNLQJ HQYHORSH RI D UREF
FRQVHTXHQFH RI WKLY DQ RSWLPDO VHTXHQWLDO SRVLWLRQL!
OHYHOV LQFOXGH WKH WDVN DQG WRRO UHTXLUHPHQW DQDO\V
WKH SDWKV I[IRU WKH HQG HIIHFWRU WR IROORZ LQ RUGHU Wi
ZRUNSLHFH DQG ORFDO JHRPHWU\ MX[WDSRVLWLRQ

7TKH 7DEOHYV DQG GR QRW VHUYH JHQHUDOLVDWLRQ IR
YDULRXV EULGJH W\SHV DV D XQLIRUP GLYLVLRQ LQWR EULGJI
VLIQLILFDQWO\ RQ WKH DSSURDFK DQG GLIIHUHQWLDWLRQ F
LQGLFDWLRQ +RZHYHU VHYHUDO FKDUDFWHULVWLFV DUH DSSC

%HIRUH WKHVH FDQ EH IXUWKHU H[SORUHG D FORVHU OR
QHFHVVDU\ 7KH XQLW ZRUNVWDWLRQV ZRUNSLHFH WKDW FD
WKH URERW FDQQRW EH RSWLPDOO\ SRVLWLRQHG RQ WKH JLY
WKH SDUDPHWULF FKDUDFWHULVWLFV RI WKH URERW ZKLFK LC
WKH JHRPHWU\ RI VWDQGDUGLVHG XQLW ZRUNSLHFHV RQ WKH
D IRUP RI JRDO VHHNLQJ WKURXJK DQ LWHUDWLYH SURFHV
DXWRPDWLRQ WHFKQRORJ\ XVLQJ RU '2) DUPV WKH UHDFK
YROXPH RI WKH ZRUNLQJ HQYHORSH ZKLFK JLYHV D EDVLV IRL
FHOOV Rl VLPLODU VLIH DQG WKHUHIRUH DOO WKH GHWDLC
DVVXPSWLRQ $ IXUWKHU REVHUYDWLRQ LV WKDW DOWKRXJK
VWUXFWXUH WKH EDVLF FHOOV DW WKH VPDOO VFDOH OHYHO
YDULHW\ RI EULGJHV 7KHUHIRUH WKH OLEUDU\ RI pEDVLF FH
RQ WKH EDVLV RI DGGLQJ QHZ LWHPV IURP DQDO\VLQJ GLIIHL
VHUYHYVY DV D VWDUWLQJ SRLQW

7TKHQ WKH LQYHVWLJDWLRQ RI UHVWRUDWLRQ DFWLYLW\ PX
VWULSSLQJ IRU H[DPSOH LQYROYHVY OHDGLQJ WKH EODVWL(
SHUSHQGLFXODUO\ WR WKH WUHDWHG VXUIDFH DQG DW D FHUYV
SDWKVY DUH GHULYHG IURP WKH GLVWLQFWLYH WDVN DQDO\V
PDSSHG DV URZV RI SRLQWV WR EH UHDFKHG FRQVHFXWLYHO
SDLQW VWULSSLQJ DSSOLFDWLRQ UHTXLUHV FRQWLQXRXV SI
EHWZHHQ WKH SRLQWYV RQ WUDMHFWRULHVY FDQ EH HDVLO\



ORHGBWFORVHU WRIJHWKHU IRU FRQWLQXRXYVY SDWK PRWLRQ HIIF
GLYLGHG LQWR pXQLWY ZRUNVWDWLRQV ZRUNVSDFH DWWHQG
FRUUHVSRQG WR WKH YROXPH HQFORVHG E\ DOO WKH EULGJH
ZLWKRXW UHORFDWLQJ WKH PRELOH WUROOH\

$00 WKH GHWDLOV LQ )LIXUHV WR GLVSOD\ VXFK SDW
WKH PRVW HIIHFWLYH ORFDWLRQV IRU WKH WDVN FRPSOHWLR
VSDFLQJ RI WKH SRLQWV ZLWKLQ SDWKV GHSHQGY RQ WKH FKL
WRROV )RU 1'7 WKH\ DUH FRYHUHG LQ 7DEOH ,Q WKH FI
DFWLYLW\ D VWDUWLQJ SRLQW LQ WUDQVLWLRQ RI QR]J]JOH P
DQDO\WVLYV KDV EHHQ FDUULHG RXW E\ 5RVHQIHOG HW DO > @
DQ RSWLPDO ZzZD\ LV WKH IXQFWLRQ RI ORFDO JHRPHWU\ DQ(
NLQHPDWLF DQG G\QDPLF SDUDPHWHUYV 'LITHUHQW VWUDWHJ
WDNHQ E\ WKH HQG HIIHFWRU GXULQJ PRYHPHQW EHWZHHQ !
&RQWUROOLQJ WKH VSHHG RI WKH DFWXDWRUY DQG UHODWLY'
MVPRRWKLQJY RI WKH SDWK %\ XVLQJ LQWHUSRODWLRQ D 37:
HITHFWRU DORQJ D FRQWUROOHG SDWK WKH UHTXLUHG LQFUH
FR RUGLQDWHY RI WKH VWDUW DQG &RQWLQXRXV SDWK &3 F
WUDYHUVHG E\ WKH HQG HIIHFWRU LV RI WKH LPSRUWDQFH W|
vVSUD\LQJ WDVN UHSURGXFHV WKH SDWK WUDFHG E\ WKH VSUD\
WKH JXQ LV PDQXDOO\ OHG WKURXJK WKH VSUD\LQJ RSHUDWLR

6 XPPDU\

%ULGJHY DUH FODVVLFDO H[DPSOHV RI VWHHO VWUXFWXUH\
VHUYLFH DQG H[SRVXUH PDNH WKHP SDUWLFXODUO\ SURQH
FRQWULEXWLQJ WR GHWHULRUDWLRQ DQG W\SLFDO DUHDV DI
PDQ\ DQG YDULHG ORVW SUREOHPV KDYH WR EH LGHQWLILHG
SRVW FRQVWUXFWLRQ PDLQWHQDQFH WKHUHIRUH LW LV YLW
DQRG FRVW HIIHFWLYH ZKLOH VDIH IRU ZRUNHUYVY DQG WKH HQY
RI WKH 1'7 DQG UHVWRUDWLRQ PHWKRGV DQG WHFKQLTXHV
FKDSWHU LQ RUGHU WR LGHQWLI\ WKH PHWKRGV PRVW VXLWLC
FKDUDFWHULVWLFV LQFOXGHG WKH W\SH RI FRQWURO PHWKR
W\SH RI SRZHU VXSSRUW DSSOLFDEOH &ROOHFWLRQ RI WKLYV
DVVHVVPHQW DLPHG DW VXFFHVVIXO VHOHFWLRQ RU GHVLJQ |
Rl FDUU\LQJ RXW WKH ZRUN

7KH HYLGHQFH RI VHYHUDO DWWHPSWYV DV DVVHPEOHG LQ
WKH V\VWHP WR EH HPSOR\HG LQ ILHOG UHVWRUDWLRQ VXSS



+RZHYBY LQGLFDWHG LQ 7DEOH DQG UHVXOWLQJ IURP WKF
WKH VA\VWHPV LQ $SSHQGL[ & DOO WKH VI\VWHPV FXUUHQWO\ |
LQ WHUPV RI YHUVDWLOLW\ DQG RQ VLWH DSSOLFDWLRQ

,Q WKH IROORZLQJ FKDSWHU WKH H[LVWLQJ HQDEOLQJ WHF
WR EHFRPH SDUW RI DXWRPDWHG V\VWHPVY DUH SUHVHQWHG L
WKH HQDEOLQJ WHFKQRORJLHV PXVW QRW EH LIJQRUHG DV
DVVHVVPHQW PD\ LGHQWLI\ VXLWDEOH FRPPHUFLDOO\ DYDLOD
ZKLFK FDQ EH HPSOR\HG



&KDSWHU QDEOLGUFKQRORJILHYV

,QWURGXFWLRQ

,Q WKH SUHYLRXV FKDSWHU WKH FRPPHUFLDOO\ DYDLODEOH
DQRG WHFKQLTXHYVY ZHUH RYHUYLHZHG 7KLV FKDSWHU LQYHVWL.
WDVN DQG WKH URERWLF DUP FDUU\LQJ WKH WRRO 7TKHUHIRUF
WKH DYDLODEOH URERWLF DUPV XWLOLVHG LQ WKH QXFOHDU
IRU SRVVLEOH DSSOLFDWLRQ LQ WKH SURSRVHG GHYLFH 7KH F
WR GDWH DVVHPEO\ DQG DVVHVVPHQW RI WKH DFFHVV VA\VWHPYV
GHSWK FKDUDFWHULVWLFV

W zDV HVWDEOLVKHG LQ WKH HDUO\ VWDJHV Rl UHVHDU]I
DXWRPDWHG LQVSHFWLRQ DQG UHVWRUDWLRQ IDFLOLW\ ZRXO(
EHLQJ GHOLYHUHG WR WKH ZRUNLQJ HQYLURQPHQW )RU WKLV
DYDLODEOH DFFHVV V\VWHPV ZDV XQGHUWDNHQ VXFK DV WK
75%&7(/ >%HHFKH @ DQG >7TUDFWHO @ 21 WKHVH V\VWF
IUDPH SODWIRUP IURP %HHFKH 6\WWHPV &RUSRUDWLRQ VKRZ
SODWIRUP RIIHUV IDVW LQ VLWX DVVHPEO\ IRU KLJK ORDG
FDQWLOHYHUHG DFFHVV WR WKH XQGHUVLGH RI EULGJHV DC
SODWIRUPV RI VDIH H[SDQGDEOH IRUP IRU ODUJH FLYLO VWUXF
WKH RFWRJRQDO OLJKWZHLJKW PRGXOHV ZKLFK RIIHU IOH[LEL
RYHUORDGLQJ WKH VWUXFWXUH GXH WR VHOIZHLJKW

$OVR LQYHVWLIJDWHG DUH WKH H[LVWLQJ WHOHURERWLF PDC(
RI IUHHGRP 7DEOHYV DQG XVHG E\ KHDY\ LQGXVWULHYV L
WKLV UHDVRQ D VHFRQG JHQHUDWLRQ VHUYR K\GUDXOLF VL]
XVH 7KH DSSOLFDWLRQ LV FKDUDFWHULVHG E\ WKH VHW RI Nt
SHUIRUPDQFH 7KH DSSUDLVDO LQYROYHV LGHQWLI\LQJ WKHLU
DUP

7KLV FKDSWHU LV WKH ODVW ZLWKLQ WKH SDUW RI WKH UH\
GDWD FROOHFWLRQ DVVHVPHQW DQG UHYLHZ 7KH ILQGLQJV IL
VHUYH DV D EDVLV IRU WKH GHYHORSPHQW RI WKH UHVHDUFK
SURWRW\SH DVVHVVLQJ FULWHULD UHTXLUHG IRU WRS SHUIRU|I
RSWLPLVDWLRQ



B3ULPDU\ $FFHVV OHWKRGYV

,GHQWLI\LQJ DXWRPDWLRQ WDVN EHQFKPDUNV LV FORVHO\
DFFHVV DQG PRELOLW\ SURYLVLRQV 3RVVLEOH VROXWLRQV WR

7KH YDULHW\ Rl WASLFDO DFFHVV HTXLSPHQW DQG OLIWLQJ J
E\ VLIH DQG SD\ORDG 7KH DELOLW\ WR OLQN WKHVH HOHPHQW\
RI JHRPHWULHVY DQG VL]HV SURYLGHV WKH FRPSHWLWLYH DGY
JUDSKLFDO LQIRUPDWLRQ RQ WKH EDVLF SURGXFWV 7KH GH)
DSSOLFDWLRQ VFHQDULRY IROORZ WKH WDEOH

7TDEOH $FFHVV (TXLSPHQW









6FHQDULRR LQVSHFW WKH XQGHUVLGH RI PXOWLVSDQ UDL
HIDPSOH D PRGXODU SODWIRUP LV VXVSHQGHG RQ WKH K\G
VIVWHP PRXQWHG RQ D SODWIRUP ZDJRQ WUDYHOOLQJ RQ UDLC
UHTXLUHG WKH RWKHU HQG RI LW LV VXVSHQGHG E\ D WUROOH!
WKH RWKHU VLGH RI WKH EULGJH

6FHQDULMR PRDPMXVSHQGHG SODWIRUP XQGHU D EULGJH D V\V
RQ , EHDPV LV PRXQWHG RQ ERWK VLGHV RI WKH EULGJH 7KH
URSH ZKLFK DUH IL[HG WR HDFK HQG RI WKH EULGJH DQG VR PF

6FHQDULRRGXODU VSDFH IUDPHV ZLWK YDULRXV pXQLW VKDS
WRIHWKHU LQ LQILQLWH FRQILIXUDWLRQV WR ILW WKH VKDSI
PDLOQOWDLQHG 7KH DOXPLQLXP WUXVV IUDPH FRPSULVHV PRGXC(
ZKLFK DUH IDVWHQHG WRIJHWKHU WR PDNH WKH PXOWLGLPHQV
6\VWHP LV DEOH WR PRYH YHUWLFDOO\ DQG ORQJLWXGLQDOO\
GHVLIQHG LQ PRGXODU SDQHOV WUDYHO LV SRVVLEOH DURX
DVVHPEOLQJ VHFWLRQV ZKLOH VXVSHQGHG XQGHU WKH EULG.
PRYHPHQW DUH DWWDFKHG WR WKH EULGJH VWUXFWXUH E\ P
OLIWLQJ PRWRUV DQG UHHOHUV WR KROG VWHHO VXVSHQVLRC
GHFN $FFXUDWH OHYHOOLQJ RI WKH SODWIRUP LV HQVXUHG H!
SRVLWLRQ RQ WKH EULGJH WRZHUV DW D UDWH RI QLQH PHWHU
7TDEOH

$vV SUHVVXUH LQFUHDVHV IRU VDIH DQG HQYLURQPHQWDO
PRGXODU VSDFH IUDPH V\VWHP LV DEOH WR KRXVH WKH JULG L
SDQHO JULG GHFNLQJ &RQWDLQPHQW KHOSV WR LPSURYH ZRU
ULVN RI DEUDVLYH EODVW PHGLXP SUHYHQWLQJ FRUURVLYH D
YLWDO VXVWDLQLQJ SODQW 7TDEOH

7TDEOH $VVHPEOHG 30DWIRUPY DQG 2XWULJJHUV RC






$GG RQ &RQFHSWV IRU $XWRPDWLRQ

$QDO\WLQJ WKHVH VA\VWHPV SURYHV XVHIXO LQ XWLOLVLQJ V
DLGLQJ WKH DXWRPDWHG GHYLFH )L[LQJ SHUPDQHQW EUDFNHMW
SLHUV ZRXOG IDFLOLWDWH VXVSHQVLRQ RU VXSSRUW WKH PDL
WKH SURGXFWVY VWUXFWXUH DQG DSSOLFDWLRQ DOWHUQDYV
WRIJHWKHU DV SRWHQWLDO GHOLYHU\ DVVHPEOLHYV

&RQFHSWQ LQVSHFWLRQ FOLPELQJ URERW LV KXQJ IURP WZR
ILIHG SHUPDQHQWO\ WR WKH VLGHV RI WKH GHFN ZKLFK HQ
XQGHUVLGH RI WKH ODWWHU $ VHSDUDWH DUUDQJHPHQW RI FO
KRULIRQWDO VXVSHQVLRQ RI WKH URERW IURP VLPLODU EXW
LQVSHFWLRQV WR EH XQGHUWDNHQ $W WKH VDPH WLPH WK
SQHXPDWLF SRZHU ZLWK YDFXXP JULSSHUV VXFWLRQ SDGV |
VXVSHQGHG IURP WKH WUROOH\V 7KH V\VWHP ZRXOG PRYH E\
DV JULSSHUV VI\QFKURQLVHG ZLWK WKH PRYHPHQW RI WKH WUR

&RQFHSWKH DXWRPDWLF SODWIRUP LV VXVSHQGHG E\ WKH
MXQFWLRQ EHWZHHQ WKH XQGHUVLGH RI WKH GHFN DQG WKH W
ZRXOG DVFHQG DQG GHVFHQG DORQJ WKH SLHUV IURP ZLUH FD
HOHFWULF PRWRUV IL[HG DW HLWKHU HQG ,I WKH XQGHUVLGH
VDPH SODWIRUP ZRXOG PRYH LWVHOI DORQJ WKH ZLUH FDEOHYV
HQGV RI HDFK LQWHU SLHU VSDQ XVLQJ WKH VDPH PRWRUV

([LVWLQJ ODQLSXODWRUYV

JRU D PDQLSXODWRU DQG HQG HIIHFWRU WR PRYH WR DQ\
HQYHORSH DQG DGRSW DQ\ RULHQWDWLRQ LQ WKDW SRVLV
LQGHSHQGHQW GHJUHHV RI IUHHGRP '2) 7TKHUH DUH KRZHYt
PDQLSXODWRUV ZLWK OHVV GHJUHHV RI IUHHGRP ZKLFK RIIH
ZHLIJKW ZLWK VSDFH UHVWULFWLRQV )RU PDQ\ WDVNV V\VW
VXIILFLHQW DQG WKHUHIRUH WDVN DQDO\VLV LV RI SULPH L
OLNHO\ WR UHTXLUH JUHDW GH[WHULW\ DQG WKHUHIRUH '2)
EH FDSDEOH RI FDUU\LQJ RXW PRUH FRPSOH[ WDVNV WKDQ VL
6HHLQJ WKDW VXUIDFH WDVNV QHHG URWDWLRQ DERXW WKU
IOH[LELOLW\ DQG '2) PDQLSXODWRUV DUH VXUYH\HG >/DUN

7TDEOH ODQLSXODWRUV ZLWK '2)



QWHUQDWLRQDO 6XEPDULQH (QJLQHHULQJ /WG HODJIQXP )T

*HQHUDO -RLQWYV 5DQJH 6SHHG $FWXDWRU
>GHJUHHV@ >GHJ P@

0D[ UHDFK P -RLQW  VKRXOGHU \DZ URWDU'

/LIW FDSDFLW\ NJ -RLQW  VKRXOGHU \DZ OLQHDL

THLIKW NJ -RLQW  VKRXOGHU SLWFK oLQl

+\GUDXOLF VXSSO\ O PL@LMW EIOERZ SLWFK OLQHD

&RQVWUXFWLRQ DOXPLERIXPW ZULVW URWDWH FRQW U

OHUSUR /WG OHU

*HQHUDO -RLQWYV 5DQJH 6SHHG $FWXDWRU
>GHJUHHV@ >GHJ P@

0D[ UHDFK P -RLQW  VKRXOGHUM®Z 1RW DYDWRWDU\

/LIW FDSDFLW\ NJ -RLQW  VKRXOGHUWNRLWHARW DYDQDQHDU

THLIKW  NJ -RLQW HOERZ URWR@MW1RW DYDWRWDU\

+\GUDXOLF VXSSO\  PLQRRWW EBMOERZ SLWHRK 1RW DYDLRW DYDLO

&RQVWUXFWLRQ 66 +( DOXP DOOR\

-RIFKRWQ W Y DWIL\DW QUR W D W\H

21 IVKRUH 6\VWHPV (QDLQHHULQD /WG +(

*HQHUDO -RLQWV 5DQJH 6SHHG $FWXDWRU
>GMWHHV@GHJ P@

OD[ UHDFK P -RLQW  VKRXOGHUNRLWARW DYDQDQHDU

/LIW FDSDFLW\ NJ -RLQW  HOERZ SLWFK 1RW DYDQDQHDU

THLIKW NJ -RLQW  ZULVW SLWRKQWI1RW DYDQDQHDU

+\GUDXOLF VXSSO\ EDIRLQW  ZULVW \DZWR 1RW DYDQDQHDU

&RQVWUXFWLRQ 66 -RLQW  ZULVW URWR@M1RW DYDURWDU\

5HPRWH 7HFKQRORJ\ /WG 57

*HQHUDO -RLQWYV 5DQJH 6SHHG $FWXDWRU
>GWHHV@&GHJ P@

0OD[ UHDFK P -RLQW VKRXOGHU \DZ 1RW DYDLO 1RW DYDL

/LIW FDSDFLW\ NJ -RLQW VKRXOGHU SLWFK 1RW DYDLO 1RW DY

"HLIKW NJ -RLQW HOERZ $SRWFBRYDI1LROW DYD1RW DYDLO

+\GUDXOLF VXSSO\ O PLRD@W Zu VW SRWFBYD1ROW DYDLROW DYDLO

ZULVW URW DWW B1ROW
6FKOOOLQT '"HYHORSPHQWI9, FRUSRUDWHG

&RQVWUXFWLRQ 1RW DYRLQW

DYD1R®OW DYDLO

*HQHUDO -RLQWYV 5DQJH 6SHHG $FWXDWRU
>QWHHV@BGHJI P@

OD[ UHDFK P -RLQW VKRXOGHU UROO OLQHDU

/LIW FDSDFLW\ NJ -RLQW VKRXOGHUWWRLWFK OLQHDU



P HLIJKW NJ -RLQWOERZ SLWFKFRQW OLQHDU\

+\GUDXOLF VXSSO\ *3R LW ZULVW SLWHK OLQHDU
SVvoO
&RQVWUXFWLRQ BEOXPRLQW ZULVW URWBRQMW 530 URWDU\

DQRGLVHG



7DEH ODQLSXODWRUV ZLWK '2)
,QWHUQDWLRQDO 6XEPDULQH (QJLQHHULQJ /WG O0DJQXP )

*HQHUDO -RLQWV 5DQJH 6SHHG $FWXDWRU
>SGAMWHHV@GHJ P@
OD[ UHDFK P -RLQW  VKRXOGHU \DZ URWDU\
/LIW FDSDFLW\ NJ -RLQW  VKRXOGHU SLWFK OLQHDU
"HLIJKW  NJ -RLQW  HOERZ SLWEFK URWDU\
+\GUDXOLF VXSSO\ O PL@LMW  ZSNIVW SLWFK URWDU\
&RQVWUXFWLRQ $OXP PRIRGLVHBULVW \DZ URWDU\
3RZHU 6XSSO\ 1RW DYDIRAQW ZULVW URWR@WM URWDU\
530

.UDIW 7THOH S5RERWLFV ,QF *ULSV

*HQHUDO -RLQWYV 5DQJH 6SHHG $FWXDWRU
>GMWHHV@&GHJ P@

OD[ UHDFK P -RLQW  VKRXOGHU \DZ OLQHDU
/LIW FDSDFLW\  NJ -RLQW  VKRXOGHU SLWFK OLQHDU
THLJKW  NJ -RLQW  HOERZ SLWFK OLQHDU
+\GUDXOLF VXSSO\ PO®LIW  ZULVW SLWFK 1RW DYDLO
NJ FP

&RMVWUXFWLRQ 1RW DYLRIOQW ZULVW \DZ 1RW DYDLO
3RZHU 6XSSO\ HOHFWULRLQW ZULVW URWR@WM URWDU\

530

OHUSUR /WG OHUL

*HQHUDO -RLQWYV 5DQJH 6SHHG $FWXDWRU
>GWHHV@&GHJI P@

O0D[ UHDFK P -RLQW VKRX\FRGHW1IRW DYDQDQHDU

/LIW FDSDFLW\ NJ DW -RPQW VKRXOGHW\®Z YDULDEGQHRWDU\

"HLIKW NJ -RLQW VKRXOGHWRLWKFOULDEGH QHDU
+\GUDXOLF VXSSO\ RIPWW HOERZ URWP@MWYDULDEGQHRRWDU\
EDU

ERMVWUXFWLRQ I1RW DYLDRIOQW HOERZ SLWH 1RW DYDLIRW DYDLO
3RZHU 6XSSO0O\ 9'& -RLQW ZULVW URWR@MWALRW DY DIiROW DU\



1RUVBRZHU /WG 7\SH

*HQHUDO -RLQWYV 5DQJH 6SHHG $FWXDWRU
>GHWHHV@&GHI) P@

OD[ UHDFK P -RLQW VKRXOGHU \DzZ 1RW DYDQDQHDU

/LIW FDSDFLW\ NJ -RLQW VKRXOGHU SLWHARW DYDOQDQHDU

"HLIKW NJ -RLQW HOERZ SLWFK 1RW DYDQDOQHDU

+\GUDXOLF VXSSO\ O PLERD@QW EZDUWVW SLWFK 1RW DYDLROW DYDLO

&RQVWUXFWLRQ 66 -RLQW  ZULVW \DZ 1RW DYDLROW DYDLO

3RZHU 6XSSO\ 9$&RLEW  ZULVW URWR@W1RW DYDWRWDU\

56, SHVHDUFK /WG .RGLDN

*HQHUDO -RLQWYV 50QJH 6SHHG $FWXDWRU
>GMWHHV@ >GHJ P@

0D[ UHDFK P -RLQW  VKRXOGHU \DZ

/LIW FDSDFLW\  NJ -RLQW  VKRXOGHU SLWFK OLQHDU

THLIKW  NJ -RLQW  HOERZ SLWFK OLQHDU

+\GUDXOLF VXSSO\ EDARDQW  BWLVW SLWFK 1RW DYDLO

&RQVWUXFWLRQ 66 ,$ORRQW 1DZWDIO/W \DZ 1RW DYDLO

%URQ]H

3RZHU 6XSSO\ 1RW DYDiROLQW ZULVW URWR@W1RW DYDURWDU\
6FKLOOLQT 'HYHORBPMDW ,,QF

*HQHUDO -RLQWYV 5DQJH 6SHHG $FWXDWRU
>QWHHV@BGHJI P@

0OD[ UHDFK P -RLQW VKRXOGHU \DZ URWDU\

/LIW FDSDFLW\ NJ -RLQW VKRXOGHU SLWFK

"HLIKW NJ -RLQW HOERZ SLWFK

+\GUDXOLF VXSSO\ *3R LODW ZULVW SLWEFK URWDU\

&RQVWUXFWLRQ 7LWDQLRRQW ZULVW \DZ URWDU\

3RZHU 6XSSO\ 1RW DYDIRAQW ZULVW URWR@M 530 URWDU\
-RLQWULSSHU PP 1D OLQHDU

6OLQTVEY (QTLQHHWBLQT /WG

*HQHUDO -RLQWYV 5DQJH 6SHHG $FWXDWRU
>GHWHHV@&GHJ P@

OD[ UHDFK P -RLQW VKRXOGHW®WZ 1RW DYDQDQHDU

/LIW FDSDFLW\ NJ -RLQW VKRXOGHUWRLWHARW DYDQOQHDU

"HLIKW NJ -RLQW HOERZ H[WRARG 1RW DYDQDOQHDU

+\GUDXOLF VXSSO\ 1RW DRDQW HOERZ URWDWH1IRW DYDURWDU\
&RQVWUXFWLRQ 1RW DYRLOQW ZULVW SLWFK 1RW DYDQDOQHDU
3RZHU 6XSSO0O\ QRW DYDRQQW ZULVW URWR@W1RW DYDUWRWDU\

QRW D)

OLQF
URWDU



. HYWHUQ 6SDFH DQG ODULQH ,QF $UP 0.

*HQHUDO -RLQWYV 5DQJH 6SHHG $FWXDWRU
>GHIJUHHBNGAJI P@

OD[ UHDFK P -RLQW VKRXOGHU \DZ 1R\ DYDLO
/LIW FDSDFLW\ NJ -RLQW VKRXOGHU SLWFK 1RW DYDLO
THLIKW NJ -RLQW HOERZ SLWFK OLQHDU
+\GUDXOLF VXSSO\ *30-BWQW SWIOERZ URWDWH URWDU\
&RQVWUXFWLRQ $OXP RLQMWWDQUARW \DZ URWDU\
3RZHU 6XSSO0O\ 9'& $RLQW ZULVW SLWEFK URWDU\

7"H DERYH EULHI VXUYH\ JLYHV WKH LQGLFDWLRQ RI ZKDW L
E\ QR PHDQV H[KDXVWHG DSDUW IURP EULHI NLQHPDWLF VSHF
SURYLGHVY WKH QDPHV RI PDLQ FRPSDQLHV ZRUOG ZLGH PDQX

6 XPPDU\

$VVHPEO\LQJ WKH LQIRUPDWLRQ ZLWK FULWLFDO DSSUDLYV
WHFKQRORJLHV KDV HVWDEOLVKHG WKH GDWD SODWIRUP IRU
WKLV FKDSWHU FRPSOHWHG WKH UHVHDUFK UHODWLQJ WR IXC
ZKLFK VXFFHVVIXO URERW GHVLJQ LV UHTXLUHG 7KH SK\VLFD
Rl WKH UHPDLQLQJ DX[LOLDU\ FRPSRQHQWY VXFK DV GHYLFH
DQG SUREH RU WRRO FDUU\LQJ DUP ILQLVKHG WKH SUHOLPLC
GHVLIJIQ SUREOHP ZLWKLQ WKH RYHUDOO HQJLQHHULQJ GHVL
FRQFOXGHG DQG WKH FRQFHSWXDO OHYHO SURWRW\SH RSWL
GHYHORSHPWDO SDUW RI WKH UHVHDUFK 7KLV FRQFOXGHG W
UHVHDUFK DQG FUHDWHG WKH IUDPHZRUN IRU WKH DQDO\WLFI

,Q WKH IROORZLQJ FKDSWHUV WKH SURWRW\SH LV DVVHP
LGHQWLILHG DQG WKH URERW V FRQILIXUDWLRQ EDVHG RQ
FROQGLWLRQV FRQFOXGHG IURP FKDSWHUYV DQG DUH VHW X



3pu w/ ZR
"HYHORSPHRQWSWLPLVYD WSSRE® R D F K
DQG*P $ss0 LFD WZLIRWQK I &

)UDPHZRUN



&KDSWH U BE RW OR GHDQ QUD PHZRWRNU2SW LPLVDW LR Q

 QWURGXFWLRQ

'LWK WKH SUHYLRXV FKDSWHU WKH SDUW RI WKH UHVHDUF
FROOHFWLRQ DQG WKH GHVFULSWLYH GDWD DVVHPEO\ DQG DV’
RI SURWRW\SH PRGHOV LV DQWLFLSDWHG 7KLV FKDSWHU LQLV
SDUW RI WKH UHVHDUFK $00 WKH LQIRUPDWLRQ DQG GDWD DQC
HODEOH WKH SURWRW\SH DVVHPEO\ IRU IXUWKHU RSWLPLVD!
SRVLWLRQLQJ RI WKH GHVLJQ ZLWKLQ (" SURFHVV IXUWKHU UH
RXW LQ D VWUXFWXUHG PDQQHU WRZDUGV WKH RSWLPDO UHVXC

JXUWKHU WKLV FKDSWHU GHYLVHVY WKH FRQGLWLRQV DQG Wi
WKH DQDO\VLV RI FULWHULD IRU URERWYV SHUIRUPDQFH DQG UF
WKH REMHFWLYH LY IURP 6HFWLRQ 6HOHFWLRQ RI WKH PR\
UDQJH RI DFWLYLWLHV LV D FRPSOH[ DQG ODERXU LQWHC
PHWKRGRORJ\ QHHGY WR EH GHYLVHG WR VSHHG XS WKH VHO}
DFFXUDF\ RI WKH WDVN VXLWDELOLW\

$V RQH RI WKH DLPV RI WKLY UHVHDUFK LV WR GHYHORS D
EULGJH UHVWRUDWLRQ URERW ZLWK RSWLPDO YDOXHV RI WK
EDVHG RQ WKH QDPHG FULWHULD WKH IUDPHZRUN KDV WR EH
HPSOR\HG 7KH FRQWULEXWLRQ WR WKH WKHVLV LV RXWOLQLC
DQRG VHWWLQJ XS WKH PRGHO

7TKHUHIRUH LQ WKLV FKDSWHU WKH DXWKRU QRW RQO\ PRGt!
EXW VHOHFWY DQG MXVWLILHY WKH SDUDPHWHUY DQG WKH FUI

'HVLIJQ 3RVLWLRQLQJ ZLWKLQ (" B3URFHVYV

$FFRUGLQJ WR WKH VWDJHV Rl (" SURFHVV LQ )LJXUH W
SKDVH KDV EHHQ FDUULHG RXW HIFHSW IRU LGHQWLILFDW
SDUDPHWHUYVY 7KLV LV FDUULHG RXW LQ WKH IROORZLQJ 6HFW
DQRG LQ GHSWK UHYLHZ RI DYDLODEOH 1'7 DQG UHVWRUDW
WHFKQRORJLHV LV FRPSOHWHG D VHW RI DOWHUQDWLYH VRO
DVVHPEOHG DW WKLV SRLQW $ VHW RI SURWRW\SH PRGHO
RSWLPLVDWLRQ $V WKLV LV D UHVHDUFK SURMHFW FHUWDL
SURWRW\SH PRGHO LV FRQVWUXFWHG DQG LW LV IXUWKHUHG
DSSOLFDEOH V\VWHP IRU RSWLPLVDWLRQ RSHUDWLRQV 7KH R
DSSURDFK WR FULWHULD HYDOXDWLRQ DQG SDUDPHWHUV RSV



FRQFHSWXDO GHVLJQ SKDVH EXW WKH DSSURDFK DQG UHVXC
RXWFRPH FKDUDFWHULVWLF IRU HPERGLPHQW GHVLJQ SKD)
DSSURDFK VSDQV RYHU ERWK SKDVHV

S3DUDPHWHUY DQG &ULWHULD &ODVVLILFDWLRQ 2XWOL

7KH JHQHULF DSSURDFK WR WKH SUREOHP RI RSWLPDO URE
ZRXOG SURGXFH WKH PRVW YHUVDWLOH RSWLRQ LV WR VSHFL
HQYLURQPHQW H[WUDFW DOO WKH URERWLF FRQILIXUDWLRQ
EHVW FRQILIXUDWLRQ IRU D SDUWLFXODU PLVVLRQ ,Q VXFK D
FRQILIXUDWLRQV WKH QXPEHU RI FRPELQDWLRQV RI URERW D¢
ZRXOG JURZ FRPELQDWRULDOO\ (TXDOO\ YDOLG LV WKH IDFW
VROXWLRQ DV WKHUH DUH PXOWLSOH RIWHQ FRPSHWLQJ RENM
7KH IROORZLQJ DUH WKH PRVW LPSRUWDQW NLQHPDWLF SDL
VHOHFWLRQ L WKH WRWDO QXPEHU RI '"HJUHHV 21 J)UHHGRP
FRQILIXUDWLRQ WKH ILUVW '2) FRXQWHG IURP WKH FDUULI
FRQILIXUDWLRQ WKH ZULVW LY WKH OHQJWK RI WKH OLQ
DQJOHVY DQG YL WKH MRLQWVY PRWLRQ FKDUDFWHULVWLFYV
(VWDEOLVKLQJ WKH FULWHULD IRU WKH SDUDPHWULF GHVL.
ILQGLQJV IURP WKH 4)' DSSOLFDWLRQ 7KH FXVWRPHU UHTXLL
PXVwW EH WUDQVODWHG LQWR PHDVXUDEOH GHVLJQ WDUJH
WKLV UHVHDUFK LV RQO\ DQ DFDGHPLF RQH DQG WKH 4)' ZDV
RQO\ VRPH GHVLJQ WDUJHWV RU FULWHULD ZHUH LGHQWLILHC
7KH UHOHYDQW FULWHULD LQ URERW VHOHFWLRQ DUH L
DYRLGDQFH PDNLQJ VXUH WKDW WKH URERW ZLOO QRW FROO
LY SURGXFWLYLW)\ Y GH[WHULW\ WKH WRRO DELOLW\ WR
RSWLPDO WDVN SODQQLQJ ILQGLQJ DQ RSWLPDO VHTXHQFH R
VSHFLILFDWLRQV YLL YHUVDWLOLW\ KHUH WKH QXPEHU RI
FDSDEOH RI SHUIRUPLQJ LQ WKH QXPEHU Rl GLIIHUHQW ZRU|
KRZ TUHH WKH URERW LV WR SHUIRUP LWV WDVN LQ WKH FRQ
SHUFHQWDJH RI FRYHUDJH WR ZKDW H[WHQW WKH URERW FDQ
2XW Rl DOO WKH FULWHULD OLVWHG RYHUKHDG WKH IROORZ
RSWLPLVDWLRQ LQ WKLV UHVHDUFK L FROOLVLRQ DQG VLQ.
SURGXFWLYLW\ DQG LY SHUFHQWDJH RI FRYHUDJH 7KH DE
DQDO\WLV RI WKH IXQFWLRQDO DQG SK\VLFDO FKDUDFWHULVW
DQG WKH UHODWHG SHUIRUPDQFH RI WKH NLQHPDWLF SDU
UHTXLUHPHQWY VDIHW\ WLPH FRVW VWDQGDUGYV WHVWLQJ



WKWFRSH RI WKH UHVHDUFK
7KH DERYH FULWHULD DOWKRXJK JURXSHG WRJHWKHU |
LPSRUWDQFH &ROOLVLRQ DQG VLQJXODULW\ DYRLGDQFH KDV
GHWHUPLQHY WKH DELOLW\ WR GHOLYHU WKH WDVN VDIHO\ &
WKLV DSSURDFK PHDQV WKDW DQ\ SDUW RI WKH URERW GRHYV
EULGJH ZKLFK LQ WKLV H[DPSOH GHSHQGV RQ WKH ORFDW
RULHQWDWLRQ DQG LV D FULWHULRQ RI SULPDU\ LPSRUWDQFH
WR UHDFK UHTXLUHG ORFDWLRQV ZLWK VSHFLILHG RULHQWDW
,Q RWKHU ZRUGYV LW LQGLFDWHV WKH UHJLRQV RI WKH ZRUN
LQVXIILFLHQW RULHQWDWLRQ IOH[LELOLW\ RI WKH WRRO )XOC
IXOO\ FDUULHG RXW ZLWKRXW WKH IXOO G\QDPLF DSSUDLVDO
WKH WDVN FRPSOHWLRQ LV PLQLPLVHG $V WKH URERW LC
NLQHPDWLFDOO\ SHUFHQWDJH RI FRYHUDJH VSHFLILHV WKH U
WKH URERW FDQ GR WKXV LQGLUHFWO\ LW LQGLFDWHV WKH D
WDVN FRPSOHWLRQ DQG DJDLQ LV D IXQFWLRQ RI WKH ORFDW
7KH SDUDPHWHUV OLVWHG LQ WKH EHJLQQLQJ RI WKLV SI
HISDQVLRQ 7KH ILUVW WZR SDUDPHWHUV GHDO ZLWK WKH W\S
EDVLF WA\SHV DUH FRPPRQO\ XVHG WKH\ DUH HLWKHU UHYRO.
DERXW DQ D[LV RU SULVPDWLF 3 HIKLELW D OLQHDU PRWLR
ILUVW WKUHH MRLQWYV FDWHU IRU WKH GHOLYHU\ DQG ORFDWL
UHIHUUHG WR DV WKH PDMRU D[HV 7KH D[HV RI WKH UHPDLQ
PLQRU D[HV RU WKH ZULVW HVWDEOLVK WKH RULHQWDWLRQ R
HOYHORSH LV PDLQO\ GHWHUPLQHG E\ WKH VHTXHQFH RI MRLC
7KH GH[WHULW\ RI WKH HQYHORSH LV JRYHUQHG E\ WKH ZULVW
6LPXOWDQHRXY DVVHVVPHQW DQG RSWLPLVDWLRQ RI VHYH
MXVWLILHG LI WKH\ VKRZ LQWHUGHSHQGHQF\ ,Q WKLV FRQWH]
WKH PXWXDO LQIOXHQFH DOWHULQJ RQH RI WKH SDUDPHWHU\
LQ RWKHU SDUDPHWHUV JRU H[DPSOH FKDQJLQJ WKH W\SH
GLITHUHQW W\SHV RI PRWRUV URWDU\ YV OLQHDU ZLWK GLII
FKDUDFWHULVWLFYVY $OWHULQJ WKH OLQN OHQJWKV ZLWKLQ
FKDQJHV LQ WKH ZRUNLQJ UDQJHV RI MRLQWYV LQ RUGHU WR
HQYHORSH $ QHHG IRU LQFUHDVHG MRLQW PRWLRQ YHORFL
GLIITHUHQW NLQGV RI PRWRUV DQG WKHUHIRUH LQIOXHQFHV W
WKHLU W\SH DQG ZHLJKW &KDQJHV LQ WKH ZULVW FRQILJXUD\
WRRO RULHQWDWLRQ OHDG WR WKH UHTXLUHPHQW IRU DOWH



OBGJWKY LQ RUGHU WR PDLQWDLQ WKH DELOLW\ WR GHOLYHU
ZRUNVSDFH

7TRZDUGV D 3URWRW\SH

$W WKLV VWDJH GDWD FROOHFWLRQ DQG DQDO\VLV LV FR
UHVXOWYV Rl 4)' DQDO\WVLV LQ &KDSWHU WKLV FDQ EH DSSO
DXWRPDWHG IDFLOLW\ $) $V SRLQWHG RXW HDUOLHU VHOI
GHYLFH UHOLHV RQ EHLQJ GHOLYHUHG WR WKH WDVN ORFDWL
ZHUH UHYLHZHG LQ 6HFWLRQ 7KH DXWRPDWHG IDFLOLW\ L\
'2) WHOH URERWLF DUP 6XEVHTXHQWO\ WKH NLQHPDWLF SDU
Rl *$ RSWLPLYVDWLRQ ZHUH GLVFXVVHG LQ 6HFWLRQV 2QFH
RXWOLQH IRU WKH IDFLOLW\ LV UHVROYHG WKH VWDJHV GHVFI
RI DFWLYLWLHY OHDGLQJ WR FRPSOHWLQJ WKH EULGJH UHVWR

7TDEOH 6WDJHV RI D 7\SLFDO 2SHUDWLRQ 8VLQJ WKH 3URMW






TKFSLFWXUH LQ )LJXUH VKRZV WKH JHQHUDO LPDJH RI WI
VHOHFWHG IURP 7DEOH DQRG WKH DUWLFXODWHG DUP SHUII
PHWDO GHFN

J)LIXUH 9LHZ RI WKH 6\VWHP ZKLOH ([HFXWLQJ %ODVWLQJ RC



JLIXUH 9LHZ RI WKH 3URWRW\SH DW :RUN RQ WKH 6HFRC

,Q RUGHU IRU DXWRPDWHG V\VWHPV WR FRQWLQXH WKHL
YHUVDWLOH I[IUHTXHQWO\ DSSOLHG DQG LQH[SHQVLYH LW
DSSOLFDWLRQV WR VSUHDG DFURVV LQGXVWULHYVY GLYHUVLIL
HILVWLQJ FRPSRQHQWYV WKURXJK DVVHPEO\ VLPSOLILFDWLR(
YHULILHY WKH DERYH FODLP ZKHQ EXLOGLQJ SXUSRVH VHU)
LQIOH[LEOH LQ DSSOLFDWLRQ KDUGZDUH KDG WR EH DEDQGRC(
HIITLFLHQF\ SUDFWLFDOLW\ DQG FRVW

&DVH 6WXG\ ORGHO IRU 2SWLPLVDWLRQ

7KH WDVN UHTXLUHG RI WKH DUP LV WR SRVLWLRQ WKH ZUL
WKH DUP V '2) VWDUWLQJ IURP WKH EDVH MRLQW GHILQHV W
HQG HIIHFWRU LV DEOH WR DFFHVV 7KHUHIRUH DIWHU DQDO\
FRQILIXUDWLRQV &DUWHVLDQ 333 F\OLQGULFDO 533 VSK
DQG DUWLFXODWHG DQWKURSRPRUSKLF 555 DQG EULGJIH JlI
EHFDPH DSSDUHQW WKDW WKH RSWLPLVDWLRQ RI WKH PDMF
VSKHULFDO DQG WKH DUWLFXODWHG FRQILIXUDWLRQ DV VKR:



JLIXUH 6FKHPDWLF 5HSUHVHQWDWLRQV RI 553 DQG 555 &RQ

&RQVHTXHQWO\ WKH FKRLFH RI WKH WZR FRQILJXUDWLRQ\
E\' L WKH RSHUDWLRQDO UHTXLUHPHQWY Rl WKH UHVWRUDW
ZRUNVSDFH DQG LLL WKH IRUP DQG FRQWH[W RI WKH WUDQYV
NLQHPDWLFV FDOFXLDWLRQYV

7KH FKRLFH RI WKH FULWHULD DQG VHUYLQJ SDUDPHWHUYV
RSWLPLVDWLRQ DSSURDFK LQWR WZR VWDJHV

,Q WKH ILUVW VWDJH WKH URERW UHSUHVHQWDWLRQ WR
VHSDUDWHO\ GHYHORSHG IRU ERWK FRQILJXUDWLRQ W\SHV 5
FRQFHSW RI WKH GLUHFW NLQHPDWLFV 7KH SURFHGXUH IR
NLQHPDWLFV LV GHULYHG IURP WKH RSHQ NLQHPDWLF FKDLQ
WKH 'HQDYLW +DUWHQEHUJ FRQYHQWLRQ ZDV DGRSWHG >'HQD

5Q G”

$ URERW V JURVYVY ZRUN HQYHORSH LV GHILQHG DV WKH ORFI
VSDFH WKDW FDQ EH UHDFKHG E\ WKH HQG HIIHFWRU 7KH Wi
GLUHFW NLOQHPDWLF FDOFXODWLRQV GHWHUPLQHV WKH SRVL
PDWUL[ LQ (TXDWLRQ DQRG RULHQWDWLRQ 5 SDUW RI WK
RI WKH NLQHPDWLF SDUDPHWHUYV VSHFLILHVY LQGLUHFWO\ EHI
WKH ORFDWLRQ RI WKH HQG HIIHFWRU

+HQFH D VWULQJ RI VXFK VHWV RI SDUDPHWHUV JHRPHWUL
VSDFH DQG VHYHUDO VHULHV RI VXFK SRLQWYV UHODWH WR WK
RQ WKH ERXQGDULHV RI WKH ZRUNVSDFH OLQLPLVLQJ WK
NLQHPDWLFDOO\ FDOFXODWHG ORFDWLRQV DQG WKH SUHGH
SRVLWLRQV SDWKV LV WKH HVVHQFH RI WKH DSSURDFK 7KH
WKH RSWLPDO YDOXHV RI WKH URERW SDUDPHWHUYV DQG EDV
FDQ TXDQWLI\ WKH SHUFHQWDJH RI FRYHUDJH



3UMNFH DQDO\VLV RI WKH URERWYTV DFWLYLW\ LV QHFHVVDU
URERW 7KH URERW HQG HIIHFWRU FDQ RSHUDWH WZR W\SHV
FKDUDFWHULVWLFV DQG FRQVHTXHQWO\ RQ WKH FRQWURO S
SRLQW 373 PRWLRQ ZKHUH WKH WRRO PRYHV WR D VHTXHC
ZRUNVSDFH 7KH XVHU GRHV QRW H[SOLFLWO\ FRQWURO WKF
WKHUHIRUH W\SLFDO DSSOLFDWLRQV LQFOXGH L VSRW ZH(
ORDGLQJ DQG XQORDGLQJ 373 PRWLRQ FDQ EH ULVN\ IRU VXI
OLNHO\ 7KH RWKHU W\SH RI PRWLRQ LV FRQWLQXRXV SDWK |
ZKHUH WKH HQG HIIHFWRU PXVW IROORZ D SUHVFULEHG SDWHK
LQFOXGH L DUF ZHOGLQJ LL VSUD\LQJ DQG LLL JOXLQJ

W LV LPSRUWDQW WR LGHQWLI\ DV HDUO\ DV SRVVLEOH WK
LQYHVWLIJDWHG UHVWRUDWLRQ DFWLYLW\ DQG DVVHVV HYHU\
1RW RQO\ WKH GLVWDQFH IURP WKH VXUIDFH DQG WKH RULHQ
DOVR WKH VL]H Rl WKH PDSSHG JULG )RU VSUD\LQJ DQG EOD'
RULHQWDWLRQ WR WKH VXUIDFH GLVWDQFH UHTXLUHG DQG
GHWHUPLQH WKH ZLGWK Rl WKH WUHDWHG VWULS 7KH VDWL
VXUIDFH LV VHFXUHG E\ FRQWUROOLQJ WKUHH YDULDEOHV
UHTXLUHG RULHQWDWLRQ f IRU EODVWLQJ f IRU VSUD\LQJ
FRQVXPDEOH

7KH QXPEHU RI SDUDPHWHUV YDULHV IRU ERWK FRQILJ
FRQILJIXUDWLRQ 553 KDV WZR URWDU\ PRWLRQV DQG WKH V
PRWLRQ WKHUHIRUH WKH WKLUG MRLQW SURYLGHV WKH UHDF
G 555 KDV WKUHH YDULDEOHV DVVXPHG DV WKH DQJOH PF
UHYROXWH MRLQWYV DQG WKH IRXUWK PDUNLQJ WKH VSOLW I
DGGLWLRQDOO\ DGGUHVVHG DV D XQLW\ GLYLGHG EHWZHHQ W
SDUDPHWHU ZKHUH /L /

'XH WR WKH GLIIHUHQW QXPEHU RI SDUDPHWHUV VHSDUD\
FDUULHG RXW IRU HDFK FRQILJXUDWLRQ DQG D SUHIHUHQF
TXDOLWDWLYH DQDO\VLVY RI UHSUHVHQWDWLRQV ZLWK WKH
HYDOXDWLRQ UHTXLUHV DVVHVVLQJ WKH FROOLVLRQ DYRLGDQ
ZRUNLQJ HQYLURQPHQW UHSUHVHQWHG E\ DQ H[WHUQDOO\ |
FRUQHU SRLQWV RI WKH FROOLVLRQ HQYHORSH )LJXUH D
7R DGGUHVV WKH ODWWHU WKH RULJLQ ZKLFK LV WKH URERW
ZRUNVSDFH DQG SURYLVLRQDOO\ PP EHORZ WKH XQGHUVL
EHDPV WR FRUUHVSRQG WR WKH URERW{V SRVLWLRQ RQ WKH
WDVN IRU H[DPSOH SDLQW VWULSSLQJ ZLWKLQ D W\SLFDO ED



WKH EHDPV DORQJ WKH VLGHV RI WKH EHDPV DQG XQGHUVL
LQ WRWDO )LJIXUH LOOXVWUDWHY D W\SLFDO ZRUNLQJ V¢

DQG WKH SRLQWY DORQJ WUDMHFWRULHY WR EH IROORZHG I
2QH RI 7DUJV

GHVFULELQJ WKH SDWK
8QGHUVLGH RI ORFDWLRQ DQG PHWKRG

SDWKV WR IROORZ
E\ HQG HIIHFWRU

JLIXUH *UDSKLFDO 7DVN '"HVFULSWLRQ

$OWKRXIJK WKH QXPEHU RI LQGHSHQGHQW SDUDPHWHUV
IRU 553 WKH QXPEHU RI FRPSXWHG SDUDPHWHUVY UHIOHFW
UHDFKHG KHUH WZHOYH IRXU SDWKV RI WKUHH SRLQWYV
FRQILIXUDWLRQV SDUDPHWHUV DV WKH\ DIWHU GLUHFW
ORFDWLRQ RI WKH HQG HIIHFWRU LQ VSDFH DQG UHODWH WR
EHWZHHQ DOO ORFDWLRQV RI WKH HQG HIIHFWRU DQG SDW
YLRODWLQJ WKH RSWLPLVDWLRQ FULWHULD WKHQ WKH YD
RSWLPDO UDQJHV ZLWKLQ HYHU\ SDUDPHWHUYYV PRYHPHQW
VWDJH FRPSXWDWLRQV \LHOG WKH ILWWHU FRQILIJXUDWLR
ORFDWLRQ RI WKH SDWK SRLQWY DQG FROOLVLRQ HQYHORSFEF

,Q WKH VHFRQG VWDJH WKH SDUDPHWHUV RI WKH SUHIHU
ILUVW VWDJH DUH DXJPHQWHG E\ WKH FKRLFH RI WKH PLQR!
'2) UHVSRQVLEOH IRU WKH RULHQWDWLRQ RI WKH WRRO DQ

r,,,



VLMRLQWY 7KLV DOORZV HYDOXDWLQJ WKH FDQGLGDWH VROX
SURGXFWLYLW\

&RPSDWLELOLW\ RI WKH GH[WHULW\ EHWZHHQ WKH ZULVW Z
UHTXLUHG pLGHDOY RQH GXH WR WKH QDWXUH RI WKH WDVN D
DFKLHYHG E\ FRPSDULQJ WKH UHOHYDQW SDUWYV RI WKH RULI
GLUHFW NLQHPDWLF FDOFXODWLRQV

7DVN FRPSOHWLRQ WLPH GHSHQGV RQ WKH W\SH RI DOJRL
PRWLRQ ZLWK WKH RSWLPDO FRQWURO LQFXUULQJ D VHYHUH
DGGLWLRQ WR WKLV FRPSXWDWLRQDO ORDG PHFKDQLFDO FRQ
DFFHOHUDWLRQ RI JHDUYVY DQG KDUPRQLF GULYHV SHUIRUPDRQF
WKH URERWY{V VSHHG 7KLV LV ZK\ WKH RSWLPLVDWLRQ RI WKH
DSSOLHG WR LQ URERW GHVLJQ DQG DQ DOWHUQDWLYH DSSU
WR EH DVVXPHG &R RUGLQDWHG PRWLRQ L H WKH VLPXOW
PDQLSXODWRU D[HYV LQ RUGHU WR PRYH WKH HQG HIIHFWRU W
LV DVVXPHG 7KH GDWD ZKLFK LQFOXGH WKH DQJOHV RI UR
WUDQVODWLRQDO PRYHPHQW RI HDFK MRLQW DQG WKH FRUU
DOORZV WKH FDOFXODWLRQ RI WKH WLPH UHTXLUHG WR UR
WUDSH]J]RLGDO YHORFLW\ SURILOH LV DVVXPHG WR VLPSOLI\ W
XQGHUVWRRG WKDW VWDWH RI WKH DUW PRWRUV XVH WKH SD
DFFHOHUDWLRAQ 7KH ORQJHVW D[LV WLPH LV DQ LQGLFDWLRC
UHTXLUHG PRYLQJ WKH PDQLSXODWRU L H WKH OHDVW WLPH
VWUHVV WKDW WKH W\SH RI PRWLRQ SRLQW WR SRLQW RU FR
DUH QRW DGGUHVVHG KHUH 7KH DERYH DSSURDFK WR SURG
LQGLFDWLRQ RI WKH FRPSDUDWLYH GXUDWLRQ RI VLPLODU PR?

&ROOLVLRQ DQG $UP 6LQJXODULW\ $YRLGDQFH

IRFDWLQJ WKH FRUQHU SRLQWV LQ VSDFH ZKLFK HQFORVH
FUHDWHY WKH DVVXPHG FROOLVLRQ HQYHORSH 2Q WKH EULG
WKH ' SRLQWYV UHSUHVHQWYV WKHEROWIRXWRH V¥ RH NREBWDF¥FBF QI
SRLQWYV EHORQJ DOVR WR WKH LQWHUVHFWLQJ SODQHV ZKLF¥
FROOLVLRQ FRQWRXU VHH )LJIJXUH IRU DVVHPEO\ RI SODQH\
'LUHFW NLQHPDWLF FDOFXODWLRQV UHVXOW LQ PDWULFHV VSH
WRRO DQG HOERZ IRU HDFK DUP SRVLWLRQ UHODWLQJ WR HYH

7KH SK\VLFDO IDFW RI WKH LPSDFW EHWZHHQ WKH URERW:!
FROOLVLRQ HQYHORSH FDQ EH DGGUHVVHG XVLQJ JHRPHWU\ D
VWUDLJKW OLQHV DQG SODQHV 7KH LQWHUVHFWLRQ SRLQW
SDVVLQJ WKURXJK WKH WRRO DQG HOERZ OLPLWYVY OLHV VLPXC(



WKSBIODQH DQG ERXQGDULHV RI WKH DUP EHWZHHQ WRRO DQ
ORFDWLRQ FR RUGLQDWHV RI WKH WRROYV DQG WKH HOERZT
LV FKHFNHG VHSDUDWHO\ DJDLQVW DOO SODQHV RI WKH FROO
6LQJXODULW\ WDNHV LWV RULJLQ LQ PXOWLSOLFLW\ RI WKH
RFFXUV ZKLOH UHDFKLQJ WZR DGMDFHQW SRLQWV WKH W
FRQWLQXRXVO\ ,QGLFDWLRQ RI SRVVLEOH VLQJXODULW\ RFI
PRYHPHQW LQFUHPHQW ZKLOH DSSURDFKLQJ QHLJKERXULQJ
FKDQJH +HQFH LI WKH FRQGLWLRQ LV LPSRVHG WKDW WKH L
FORVHO\ ORFDWHG SRLQWV DUH NHSW VPDOO WKH VLQJXODU
LI WKH GLIIHUHQFHY EHWZHHQ WKH YDOXHV RI WKH DQJOHV RI
MRLQW UHDFKLQJ DGMDFHQW ORFDWLRQV H[FHHG FHUWDLQ
FDQGLGDWH VROXWLRQ LV GLVPLVVHG IURP IXUWKHU HYROXWL
JRU WKH 553 FRQILJXUDWLRQ DGGLWLRQDOO\ WR PDMRL
FRQVLGHUDWLRQV WKH PDQLSXODWRU LV LQ VLQJXODU FRQ
LQWHUVHFWVY WKH FHQWUH RI WKH EDVH DV URWDWLRQ DER:
>6SRQJ DQG 9LG\DVDJDU @ 7KLV FDQ EH DYRLGHG LI WKH
UHYROXWH MRLQW LV QRW DOORZHG WR WRHDFK \§K®JXOIDORIN\Q!
WKH 555 FRQILJXUDWLRQ RFFXUV ZKHQ L WKH ZULVW FHQWU!|
KHQFH ZKHQ /| FRV / FRV RU LL WKH HOERZ LV IXO
UHWUDFWHG WKLV RFFXUV ZKHQ WKH URWDWLRQDO DQJOH RI
.| DQ\ RI WKH DUP SRVLWLRQV FROOLGH ZLWK DQ\ RI WKH S
ZKHQ UHDFKLQJ FRQVHFXWLYH SDWK SRLQWV WKH ZKROH Ut
SHQDOW\ DV D UHVXOW DQG WKH RYHUDOO VXLWDELOLW\ RI WK
UHPDLQV RQO\ WR VHFXUH QR LQWHUVHFWLRQ EHWZHHQ DQ\
FRQWRXU RI WKH REVWDFOH WR DGGUHVV FROOLVLRQ DYRLGD(
3HUFHQWDJH RI &RYHUDJH
7KH FULWHULRQ RI SHUFHQWDJH RI FRYHUDJH LQFOXGHV LC
WKH ZRUN YROXPH GRQH E\ WKH URERW DQG KHQFH LW LGHQW
PDQXDO FRPSOHWLRQ 6SUD\LQJ SDLQW DQG WKH LQWHULRU
DQDO\VHG LQ 5RVHQIHOG HW DO > @ DQG DOWKRXJK VLPLO
EODVWLQJ QR]]JOH DQG SDLQW VSUD\LQJ QR]]JOH DUH VLPLODL
DQDO\VLV VKRXOG QRW EH IROORZHG EOLQGO\ ,QVWHDG LW
ZKLOH DQDO\VLQJ GDWD EDVHG RQ PDQXDO VDQGEODVWLQJ L
WKH VXUIDFH VSHHG RI PRYHPHQW DQG IORZ RI WKH PDWHUL
E\ WKH WRRO DUH ORFDWHG LQ VXFK SRVLWLRQV DV WR HQDE
W\SLFDO ED\ DQG DUH PHDQW WR EH UHDFKHG FRQVHFEXWLYHO!



GHYRSHG LQ WKH SUHVHQW VWXG\ IRU WKLV SXUSRVH JHQI
WRRO FDOFXODWHG XVLQJ GLUHFW NLQHPDWLFV FDOFXODWLF
GHVLUHG WZHOYH ORFDWLRQV Rl WKH URERW V HQG HIIHFWRL
ZRUNLQJ HQYLURQPHQW HKW HLRYDO WKHOYDEOH FDQGLGDWH URE
RQ WKH EDVLV RI WKH PLQLPXP YDOXH RI WKH VXP RI GLVWD
SRLQWV GHVFULEHG DERYH ZKLFK PHHWV WKH FULWHULRQ F
FRYHUDJH

%\ DQDO\VLQJ WKH YDOXHV RI WKH SDUDPHWHUV LQ WKH E
VROXWLRQ LQ HDFK JHQHUDWLRQ DQG E\ REVHUYLQJ WKH V
GLVWDQFHV LW LV IHDVLEOH WR DVVHVV DQG DXWKHQWLFDW!
SDWK DQG WKH DFKLHYHG WRRO SRVLWLRQV 7ZR VFHQDULRYV
SRLQWV DUH QHYHU UHDFKHG DQG JRRG RYHUDOO TXDOLW\ F
SUHFLVLRQ LQ UHDFKLQJ RQO\ VRPH SRLQWV DORQJ WKH SDV
YDOXH RI WKH VWDQGDUG GHYLDWLRQ 7KH VHFRQG VFHQDU]
VROXWLRQ ZKHUH DOO SRLQWVYV DUH DSSURDFKHG ZLWK QHI
DYHUDJH DOVR UHVXOWV LQ D VROXWLRQ RI JRRG TXDOLW\ EX
YDOXH Rl WKH VWDQGDUG GHYLDWLRQ 7KH VRXJKW DIWHU VR
DQG ORZ VWDQGDUG GHYLDWLRQ )XUWKHU D VHSDUDWH DQ
VROXWLRQ FDQ EH SHUIRUPHG IRU H[DPSOH JUDSKLFDOO\ XVL
DOORFDWH WKH SHUFHQWDJH RI PDQXDO HQJDJHPHQW

"H[WHULW\ $VVHVVPHQW DQG ODQLSXODWRU 6LQJXODULW\ {

7KHUH DUH VHYHUDO PHWKRGV RI DGGUHVVLQJ ZULVW GHI[V
GHSHQGLQJ RQ WKH FKRVHQ GHILQLWLRQ RI GH[WHULW\ 7KH
LGHQWLILHV GH[WHULW\ DV KLJK OHYHO RI SUR[LPLW\ DPRQJ W
WKH URWDWLRQDO SDUW RI WZR RYHUDOO WUDQVIRUPDWLRQ ¥
UHFRJQLVHG WKDW GHOLYHULQJ WKH WRRO WR WKH WDVN |
RULHQWDWLRQ KDV WR FRPSO\ ZLWK WKH WRRO FKDUDFW
1XPHULFDOO\ WKLV PHDQV FORVH SUR[LPLW\ EHWZHHQ WKH L
HLGHDOY URWDWLRQDO SDUW Rl WKH HQWLUH WUDQVIRUPD\
DSSURDFK WR GH[WHULW\ SDUW Rl WKH WUDQVIRUPDWLRQ PDW

7KH FKRLFH RI ZULVW FRQILJXUDWLRQV LV JRYHUQHG E\ WK
DQG LV FRQFHQWUDWHG RQ 53< UROO SLWFK \DZ DQG 535
7KH HYDOXDWLRQ RI WKH ZULVW W\SH DULVHV IURP WKH FRPS
VWDQGDUG RUWKR QRUPDO EDVHV Rl DOO SRLQWV DORQJ WKE
WKH EDVH FR RUGLQDWH IUDPH DQG WKH RULHQWDWLRQ RI W
WRRO DWWDFKPHQW SRLQW 7KLV RULHQWDWLRQ LV GLVSO



RUDWH IUDPH LQ WKH URWDWLRQDO SDUW 5 SDUW RI
WUDQVIRUPDWLRQ PDWUL[ FDOFXODWHG IRU DOO '2) XVLQJ G
ILUVW FROXPQ RI WKDW PDWUL[ UHSUHVHQWY WKH SURMHFWL
WKUHH D[HV RI WKH URERWT{VY EDVH IUDPH [ \ ] WKH VHFI
SURMHFWLRQ RI WKH ZULVWT{V < D[LV DQG WKH WKLUG WKH .
WUDMHFWRU\ PXVW DOVR EH RULHQWHG LQ UHODWLRQ WR W
EDVH IUDPH LQ WKH UHTXLUHG WRRO DSSURDFK SRVLWLRQ F
WDVN DQG WKH JHRPHWU\ RI WKH ZRUNVSDFH 7TKHUHIRUH

YHFWRU V RUWKR QRUPDO EDVHYV UHIHUUHG WR DV 7DUJV
FRPSDWLELOLW\ EHWZHHQ WKH HTXLYDOHQW HOHPHQWYV RI
DVVHVVHG IRU HDFK WUDMHFWRU\ SRLQW UHVXOWY LQ DQ RUL
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JLIXUH '"H[WHULW\ ODWUL[ &RPSDWLELOLW\

7KH ILUVW PDWUL[ LV WKH UHTXLUHG RQH VHW XS DIWHU
SHUIRUPLQJ WKH WDVN LQ WKH ZRUNVSDFH 7KH VHFRQG PD
PHPEHU RI WKH SRSXODWLRQ WKURXJK JHQHUDWLRQV DQG VSI
I UDPH UHODWLYH WR WKH EDVH IUDPH IRU WKH FXUUHQW VHW

$IWHU DQDO\VLQJ WKH EODVWLQJ RSHUDWLRQV SRVLWLRQ
WR FDUU\ RXW WKH WDVN LW EHFRPHVY DSSDUHQW WKDW Wk
VXUIDFH RUWKRJRQDOO\ ZLWKRXW WLOWLQJ 5RWDWLRQ RI W|
LV LUUHOHYDQW IRU WKH GLUHFWLRQ RI WKH VWUHDP RI WKH
RULHQWHG YHUWLFDOO\ SRLQWLQJ XSZDUGYV LQ RUGHU WF
VHFRQGDU\ EHDP ILUVW SDWK DQG WKUHH SRLQWV XQGHUV
J)LIXUH ,Q PDWUL[ WHUPV LW PHDQV WKDW YDOXHV RI WKH
WZR URZV DUH LQVLIJQLILFDQW DV URWDWLRQ DURXQG URO
FRPSRQHQWYV RI WKH WKLUG URZ DQG FROXPQ DUH H[SHFWHC
WLOWLQJ DQG WKH ODVW PHPEHU RQ WKH GLDJRQDO VKRXOG
RULHQWHG KRUL]J]RQWDOO\ PHDQV IROORZLQJ WZR VHWV RI WK
VHFRQG SDWK DQG KLJKHU WKLUG SDWK SDUW RI WKH VHFI
QHIJDWLYH VLGH RI WKH \ D[LV RI WKH EDVHYV RULJLQ DV LQG
WKLY PHDQV WKDW WKH YDOXHV RI WKH ILUVW WZR FRPSRQH
LOQVLIQLILFDQW DV URWDWLRQ DURXQG UROO D[LV LV SHUF
FRPSRQHQWYV RI WKH VHFRQG URZ DQG WKH ILUVW DQG WKH
FROXPQ WR EH JHUR ZLWK QR WLOWLQJ DOORZHG DQG WKH PL
HTXDO PLQXV RQH DV WKH ZRUNLQJ VXUIDFH LV RQ WKH QHJDW

6LQJXODULWN RI WKH DUP LV DGGUHVVHG DJDLQ DW WKLV V)
RI' WUDYHO RI LWV MRLQW YDULDEOHV UHVXOWLQJ IURP
FRQVLGHUDWLRQV KDYH WR EH WDNHQ LQWR DFFRXQW ZKHQ E
7KH ERXQGDU\ VLQJXODULWLHY DV FRQVLGHUHG QRW SDUWLF
RPLWWHG 7KH LQWHULRU VLQJXODULW\ LV WKH RQH ZKLFK L
RFFXUV ZKHQ WZR RU PRUH RI WKH UHYROXWH MRLQW D[HV E
RFFXUV IRU DQ (XOHU VSKHULFROO®QBULYW DKH R 53<RWLVW

wWF RU ww5DQN\ DQG +R @ 7KHUHIRUH WKHVH OLPLWDW
VHFRQG VWDJH FRPSXWDWLRQV LQ VLPLODU PDQQHU DV IRU W
LV GHWHFWHG LQ D FDQGLGDWH VROXWLRQ D SHQDOW\ YDO
FDQGLGDWH

riioér



BURGXFWLYLW\

7KH FULWHULRQ RI SURGXFWLYLW\ LV DGGUHVVHG DV D JXL
WKH URERW DUH QRW LQFOXGHG LQ WKH DQDO\VLV 7KH VSH
FRQWUROOHG LQGHSHQGHQWO\ WKHUHIRUH WKH URERWLF P/
SDWK PRWLRQ FRQWURO ZLWK WKH VSHHG RI WKH WRRO UHJX(
PHDQV WKDW WKH URERW DFFHOHUDWHY WR D UXQQLQJ VSHE
ZKLFK HIITHFWLYHO\ OLPLWYVY WKH PD[LPXP DFFHOHUDWLRQ UHT.
LI WKH WZR DGMDFHQW ORFDWLRQV WR EH UHDFKHG DUH WHF

@

7TKH PRYHPHQW RI DOO VL[ PRWRUV LV DVVXPHG DV VLPXOWI
WR PRYH WKHP WKURXJK WKH PRYHPHQW VHFWRU RI HDFK MR
HDFK PRWRU XVLQJ WKH WUDSH]RLGDO YHORFLW\ SURILOH
DFFHSWHG DV WKH RYHUDOO WLPH IRU UHDFKLQJ D FHUWDLQ C
SDWK RI DOO WZHOYH SRLQWV WKH WZHOYH ORQJHVW WLP
DFNQRZOHGJHG DV D WRWDO WLPH IRU UHDFKLQJ DOO ORFDWL
ZLWK WKH VKRUWHVW RYHUDOO WLPH LV IDYRXUHG LQ WKH HY

7TKH SURGXFWLYLW\ FDOFXODWLRQV IROORZ WKH GH[WHUL
GH[WHULW\ DVVHVVPHQW LV DOVR DGGHG WR D FDQGLGDWH IR

6 XPPDU\

7KLYV FKDSWHU KDV LQLWLDWHG WKH DQDO\WLFDO SDUW
RSWLPLVDWLRQ RI WKH NLQHPDWLF SDUDPHWHUV RI WKH EULG
PRGHO KDV EHHQ DVVHPEOHG EDVHG RQ WKH RXWFRPH RI WK
IXUWKHU RSWLPLVDWLRQ 7KH SURWRW\SH KDV EHHQ IXUWKHU
IRU RSWLPLVLQJ WKH DUP FRQILIXUDWLRQ ZLWK UHVSHFW 'V
SDUDPHWHUYV DQG FULWHULD KDYH EHHQ LGHQWLILHG DQDO\\
KDYV DOVR EHHQ FRQVLGHUHG LQ GHWDLO 7KH RSWLPLVDWL
LGHQWLILFDWLRQ RI WKH VXSHULRU FRQILIXUDWLRQ IRU WKH
UHYROXWH 555 7KH SURFHGXUH WR RSWLPLVH WKH OLPLWYV
VHFWRUY RI WKH PDMRU FRQILIJXUDWLRQ V MRLQW YDULDEG
LQIRUPDWLRQ KDV QRW RQO\ OHG WR WKH HYDOXDWLRQ RI WK
LOQYROYHPHQW EXW KDV DVVLVWHG LQ WKH NLQHPDWLF GHVLJ
VHFRQG VWDJH RI RSWLPLVDWLRQ KDV UHILQHG SUHYLRXYV
SDUDPHWHUY IRU WKH VHFRQG VHW RI FULWHULD SURGXF)
SDUDPHWHUYV KDYH LQFOXGHG WKH SUHIHUUHG FKRLFH RI WK
KHUH LV EHWZHHQ WKH (XOHU DQG WKH 53< FRQILIJXUDWLRQ



MIRQWYV ZLWKLQ WKH ZULVW ZKLFK LQ WXUQ DLG WKH FKRLFH
RI WKH HQG HIIHFWRU 7KH RSWLPDO YDOXHV IRU WKH YHOI
UHLQIRUFHG WKH SUHIHUHQFH IRU WKH MRLQWVY DFWXDWRUYV
DQG DVVXPLQJ WKH DSSURDFK ODLG RXW LQ WKLV FKDSWHL
NLQHPDWLF SDUDPHWHUYVY LV SDUW RI WKH XQLTXH DQG RUL
SUREOHP RI VHOHFWLQJ WKH RSWLPDO URERW IRU WKH SUH Gt

7KH IROORZLQJ FKDSWHU LQWURGXFHYV WKH RSWLPLVDWLRQ
PHWKRG RI DSSOLFDWLRQ RI *$ WR WKH SUREOHP

(®]3
-

rif



EKDSWHUBSOLFDRILRH@ HWHOFJ R U L WWKREY V HOW X GAR G H O

 QWURGXFWLRQ

7KH PRGHO RI WKH URERW DQG WKH ZKROH DSSURDFK WR
SDUDPHWHUV ZDV LQWURGXFHG LQ WKH SUHYLRXV FKDSWHU
PRGHO FDQ EH RSWLPLVHG LQFOXGH WKH MXVWLILFDWLRQ DQG
7KH JHQHUDO FKRLFH RI WKH RSWLPLVDWLRQ PHWKRG DQG L
DGGUHVVHG LQ WKH HDUO\ SDUWV RI WKH FKDSWHU 7KHQ Wk
WKH VRIWZDUH GHYHORSHG 7KH PRGHOOLQJ RI WKH SUREOHP
DQG LV H[SODLQHG LQ GHWDLO LQ RUGHU WR IXOO\ XWLOLV
RYHUDOO REMHFWLYHV Rl WKH DSSURDFK WR \LHOG UHOLDEO
GHWHUPLQHG FULWHULD 7KLV DOORZV VWUDLJKWIRUZDUG GF
VRIWZDUH WR FDUU\ RXW WKH FRPSXWDWLRQV ZKLFK LV FRY

7KH VHOHFWLRQ RI WKH *$ DSSOLFDWLRQ DQG OLDVLQJ LW :
RUGHU WR DFKLHYH IHDVLEOH UHVXOWV LV RQH RI WKH PDI
UHVHDUFK LQWR WKH EULGJH UHVWRUDWLRQ URERW

7KH DXWKRU IHHOV WKDW WKH JHQHUDO RYHUYLHZ RI *$ P}
WKH RULJLQDO LQSXW LQWR WKH UHVHDUFK DQG WKHUHIRUH
LQFOXGHG LQ $SSHQGL[ %

-XVWLILFDWLRQ RI *$ &KRLFH DV 2SWLPLVDWLRQ 7RRC

*HQHWLF DOJRULWKPV *$ DUH VHDUFK DOJRULWKPV WKDYV
VHOHFWLRQ DQG JHQHWLFYVY (DFK WHFKQLFDO SUREOHP FDQ E
WKDW FDQ EH RSWLPLVHG E\ PHDQV RI ELRORJLFDO UXOHV
VXUYLYDO RI WKH ILWWHVW ZLWK LQIRUPDWLRQ H[FKDQJH DF
VA\VWHPYV WKHUH LV VRPH UDQGRPQHVV WR WKLV SURFHVYV
GHWULPHQWDO DIIHFWYVY WKLV UDQGRPQHVYV JLYHV *$ UREXVW
EHWWHU VROXWLRQV (YHQ WKRXJK WKH\ DUH EDVHG RQ WKH
UHSUHVHQW DQ DLPOHVV VHDUFK IRU DQ RSWLPXP G5DWKHU
LQIRUPDWLRQ LQ RUGHU WR GHULYH LPSURYHPHQWYV IURP LW

2SWLPLVDWLRQ WHFKQLTXHV EDVHG RQ JHQHWLF UXOHV RI
LQGLYLGXDOVY SHUIRUPDQFH DQG FKDUDFWHULVWLFVY WKURXJ
DV WKH\ DOORZ RSWLPLVDWLRQ DQG DQDO\WLV RI WKH PX\
SDUDPHWHUYV VLPXOWDQHRXVO\ DQG DUH FDSDEOH RI LQ\
GLVFRQWLQXRXV VHWV RI SRVVLEOH VROXWLRQV W UHTXLUI



VSHLDO FRGHG VWULQJV 7KHVH VWULQJV FRPELQLQJ DOO \
FDQGLGDWH VROXWLRQV WR D SUREOHP ,Q JHQHUDO WHUPV
D GLUHFW FRQVHTXHQFH RI WKH FKRLFH RI SDUDPHWHUV IRU
VHUYH WR HYDOXDWH WKH TXDOLW\ RI WKH VROXWLRQ

W LV UHODWLYHO\ VLPSOH WR DXWRPDWH WKH GHVLJQ
H[SHULPHQWY 7KLV PHWKRG HQVXUHV WR D YHU\ KLJK GHJ
DEVROXWH RSWLPXP ZLOO EH IRXQG WKXV WKH FRPSOHWH ¢
UHFRJQLVHG DQG XWLOLVHG $OWKRXJK WKLV PHWKRG GRHYV
SDUDPHWHU UHGXFWLRQ LV UHFRPPHQGHG VLQFH WKH QXPE
SURSRUWLRQDOO\ WR WKH QXPEHU RI SDUDPHWHUYVY WR EH RSV
LV WKDW D JUHDW GHDO Rl H[SHULHQFH LV UHTXLUHG LQ R
QXPEHU DQG WKXV WKH FRVW RI WKH H[SHULPHQWYV )XUWEk
GLVWLQJXLVK VLIQLILFDQW IURP QRQ VLIJQLILFDQW SDUDPHW
PDNH WKLY DVVHVVPHQW RXWVLGH WKH *$ RSWLPLVDWLRQ
SDUDPHWHUV WR GLIITHUHQW VWDJHV RI RSWLPLVDWLRQ H[WH]

JRU PRUH FRPSUHKHQVLYH LQWURGXFWLRQ WR *$ WKH UHD(

$SSURDFK WR *$ $QDO\VLYV

'HVLIQLQJ D EULGJH UHVWRUDWLRQ URERW UHTXLUHV RS
UHODWHG WR WKH SUHYLRXVO\ VHOHFWHG FULWHULD &KDSW
QXPEHU RI SDUDPHWHUYV DQG WKH ZLGH UDQJH RI WKH SRWH(
WKH QXPEHU RI DOWHUQDWLYHV WR EH HYDOXDWHG LV LPPHQ\
WR EH DQ H[FHOOHQW WHFKQLTXH IRU H[SORULQJ ODUJH VHI
RSWLPDO VROXWLRQV >*ROGEHUJ @ DV H[SODLQHG LQ W
VHOHFWLRQ DQG GHVLIQ WKH WHFKQLTXH DOVR VKRZHG SURPL

7KH FULWHULD XSRQ ZKLFK WKH VHULHV RI SDUDPHWHUV L
IURP WKH IROORZLQJ WKH WDVN VSHFLILFDWLRQ H[SHFWHG
FKDUDFWHULVWLFV WRWDO YROXPH VZHSW RXW E\ WKH HQ
HIHFXWHV DOO SRVVLEOH PRWLRQV FOLHQWY UHTXLUHPHQWYV
HQDEOLQJ WHFKQRORJLHVY HWF 6RPH RI WKH FULWHULD DL
LPSRUWDQFH WR WKH URERW V SHUIRUPDQFH LV FUXFLDO ©6H
URERW V SHUIRUPDQFH DQG WKHLU FKRLFH GHSHQGV RQ WKH
EULHI

7TKH UHSUHVHQWDWLRQ RI WKH URERW LV EDVHG RQ WKH JU
DV GHILQHG E\ WKH ORFXV RI SRLQWYVY LQ WKH WKUHH GLPHQVL
E\ LWV HQG HIIHFWRU 7KH YHFWRU RI MRLQW YDULDEOHV D



NQHPDWLF FDOFXODWLRQV GHWHUPLQHVY WKH SRVLWLRQ DQG
WKH YHFWRU RI SDUDPHWHUYV VSHFLILHG DERYH LV FRPSLOHG
FKURPRVRPH UHSUHVHQW D SRLQW LQ WKH ' VSDFH ZKLFK
UHDFKLQJ 7TKHUHIRUH D VWULQJ RI FKURPRVRPHV FDQ JHR
VHULHV RI VXFK SRLQWYV RU RWKHUZLVH SDWKV RU WUDM
$VVHVVPHQW RI KRZ FORVH WKHVH SRLQWY DUH WR WKH UHTX
ORFDWLRQV \LHOGV SUHIHUDEOH YDOXHV RI WKH URERWLF SLC
SHUFHQWDJH RI FRYHUDJH

7KH UHTXLUHG WUDMHFWRU\TY JHRPHWU\ RULHQWDWLRQ D
WKH JHRPHWULFDO DQDO\WVLV RI WKH ZRUNVSDFH KHUH WKH
WKH EULGJH DQG DVVHVVPHQW RI WKH DXWRPDWLRQ SRWHQ!
WKH WDVN WRROV KHUH WKH PDQRHXYULQJ SRVLWLRQ DQG
7KH EODVWLQJ QR]]JOH LV VHOHFWHG DV D PRGHO WRRO IRU DC
ORFDWLRQ RI SDWK SRLQWYV I 1'7 DFWLYLWLHY DUH VHOHFWF
UHTXLUHG 2QH RI WKH W\SLFDO 1'7 DFWLYLWLHV LV JXLGLQJ
ZLWK WKH EULHI FRQWDFW ZLWK WKH VXUIDFH DW WKH JULG F
WR WDNH PHDVXUHPHQW 7KH UHOHYDQW VHTXHQFH RI WKH W
SRLQWYV RQ WKH VXUIDFH DQG WKH LGHQWLFDO JULG OLIWHC(
UHTXLUHG WR OLIW DQG PRYH WKH SUREH WR WKH QH[W JULG
GLIITHUHQW WKH SULQFLSOH LV VLPLODU DQG HPHUJHV GLUHF
EH DSSOLHG WR YDULHW\ RI WKH UHTXLUHG WRRO EHKDYLRXU

7TKHRUHWLFDOO\ LW LV SRVVLEOH WR UHSUHVHQW DOO WKH
FKURPRVRPH DQG DOO WKH SRLQWV RI LQWHUHVW ZLWKLQ VH
RI' FKURPRVRPHYV +RZHYHU SHUIRUPLQJ JHQHWLF RSHUDW
UHSUHVHQWDWLRQ DQG WKHQ D TXDOLW\ RU plLWQHVVY DV
SRSXODWLRQ IRU HDFK JHQHUDWLRQ LQFUHDVHV WKH FI
UHDVRQDEOH WLPH &RQVHTXHQWO\ WKH RSWLPLVDWLRQ SU
$W WKH ILUVW VWDJH WKH URERW FRQILIXUDWLRQ WKH OHQJ)\
UDQJHY DUH RSWLPLVHG $W WKH VHFRQG VWDJH WKH ZULYV
VSHHG DQG DFFHOHUDWLRQ DUH DGGHG WR WKH RSWLPDO FRQ
SRVVLEOH WR GLYLGH WKH SURFHVV LOQWR WZR VWDJHV ZL)\
SULQFLSOH DV H[SODLQHG LQ IROORZLQJ VHFWLRQ

6WDJH 2QH

,QLWLDOO\ WKH GLPHQVLRQV RI WKH DUP OLQNV DQG MRLC
D[HV DUH RSHUDWHG RQ 7KH ZRUNLQJ VHFWRUV RI WKH MRLQ
LQ MRLQW PRYHPHQW GHVSLWH WKH SK\WLFDO OLPLWDWLRQ



RUHQWDWLRQ RI WKH WRRO PLQRU D[HV LV QRW WDNHQ LQW
WDVN RI WKH FRDWLQJ VWULSSLQJ WKH WRRO RSHUDWLRQDO
PLQLPDO FKDQJHV LQ RULHQWDWLRQ

7KH IROORZLQJ VL[ SDUDPHWHUY UHSUHVHQW NLQHPDWLFV
KHUH L FKRLFH EHWZHHQ WZR PDMRU FRQILJXUDWLRQV D
RI UHYROXWH URWDU\ 5 W\SH ZLWK DQJOHV RI PRYHPHQW
SULVPDWLF GLQBBU E3 UHYROXWH 555 WKH ILUVW WKUHH MR

LL RSWLPDO GLYLVLRQ RI WKH XQLW OHQJWK EHWZHH

DQG @KHUH DQG LLL GHWHUPLQDWLRQ RI WKH MRLQWVTY P
UHYROXWH FRQILIJXUDWLRQ WKH DPRXQW RI YDULDEOHV LV UL
WRWDO OLQN OHQJWK IRU ERWK IRUHDUP DQG HOERZ WKHUHI?
QHHGV VSHFLDO FRQVLGHUDWLRQ 7KH FKRLFH RI WKH WZR FF
JRYHUQHG E\ WKH QDWXUH RI WKH 1'7 DQG UHVWRUDWLRQ WD!
WKH WUDQVIRUPDWLRQ PDWULFHV VR WKDW WKH FURVVRYF
VWUXFWXUH Rl WKH FKURPRVRPH 7KH QXPEHU RI YDULDEOHYV
GHSHQGV RQ WKH W\SH RI FRQILIXUDWLRQ WKXV WKH OF
FKURPRVRPH DQG WKH QXPEHU RI JHQHV ZRXOG GLIIHU IRU \
FURVVRYHU RSHUDWLRQ LQYROYHV H[FKDQJH RI JHQHV UHIHU
ZLWK D QXPEHU RI JHQHV YDU\LQJ WKH JHQHV UHODWLQJ WR
VZDSSHG DQG WKH LQWHJULW\ RI WKH SURFHVV YLRODWHG

7KH SDUDPHWHUV DW WKLV VWDJH DUH RSWLPLVHG EDVHG
DQG FROOLVLRQ DYRLGDQFH DQG SHUFHQWDJH FRYHUDJH 7
LQIOXHQFHG E\ WKH YDOXHV RI WKH SDUDPHWHUV VHOHFWHC
SURFHVV LQWR WZR VWDJHV GRHV QRW YLRODWH WKH PHU
FROOLVLRQ DYRLGDQFH DQG SHUFHQWDJH FRYHUDJH WKHUH
WKHVH WZR FULWHULD XVLQJ WKH VDPH UHSUHVHQWDWLRQ $¢
GRHV QRW YLRODWH WKH VLPXOWDQHLW\ RI WKH SURFHVV DV
WKH ILUVW VWDJH DUH UHILQHG LQ WKH VHFRQG DQG pIX0OT |
LV SHUIRUPHG DW WKH VHFRQG VWDJH

(DFK FKURPRVRPH FRQWDLQV VHW RI JHQHV (DFK JHQH FRQ
&KURPRVRPH LQ WXUQ UHSUHVHQWYV LQGLUHFWO\ GLUHFW N
D SRLQW LQ ' WKURXJK D VHW RI MRLQW YDULDEOHV FRQILJX
GHVFULEHV WKH VHTXHQFH RI WKH WRRO ORFDWLRQV XVLQJ
IROORZHG WUDMHFWRU\ 7KH FORVHU WKH UHSUHVHQWDWLRQ
WKH SODQQHG SDWK WUDMHFWRU\ RQ D EULGJH VXUIDFH
ILWQHVYV 7KH RSWLPLVDWLRQ KHUH LV EDVHG RQ PLQLPLVI



WDMHFWRU\ IROORZHG E\ WKH PRGHO UHSUHVHQWHG ZLWKLQ
WKH SUH VHW SDWK RQ WKH EULGJH DQG WKH DELOLW\ WR FO
ORFDWHG LQ YDULRXV SDUWV RI WKH ZRUNVSDFH

,Q WKLV ZRUN WKH IROORZLQJ QRWDWLRQ LV DGRSWHG
L 1 LV D PDWUL[ VSHFLI\LQJ D WUDMHFWRU\ RI 1 SRLQWYV
ORFRDWLRI WKH WRRO ZLWK UHVSHFW WR D JOREDERB&DVWHVLDQ
D VPLODU PDWUL[ EXW VSHFLI\LQJ WKH ORFDWLRQV RI WKH HC
ZLWK UHVSHFW WR D JOREDO IUDPH I WKH QXPEHU RI
VLPXOWDQHRXVO\ WR FKHFN WKH DELOLW\ WR SHUIRUP YDULI
PRELOH SODWIRUP WKH UHSUHVHQWDWLRQ FRQWBUVWV RI
L 1[0 VSHFLILHV 1 QXPEHU RI 3LGHDO"™ SRLQWYV WR EH UHDF!
LQVKH ZRUNVSDFH PDUNHG LQ UHODWLRQ WR WKH ORFDWLRQ
UHSUHVHQWHG DV WKH VXP RI WKH VT7XDQKGL WRVOWDRIFEHYV E|
RITVHWWLQJ E\ QHIJDWLYH YDOXHVs LTXH FOLWWQHR XWKWHD @ KMNWR ID E
UHDFK DOO WKH SRLQWY DORQJ WKH WUDMHFWRULHV DQG L
ILWQHVYV

$W WKH VDPH WLPH HYDOXDWLRQ RI FROOLVLRQ DYRLGDC(
IXQFWLRQ 7KH EULGJH JHRPHWU\ XQGHU DQDO\VLV LV UHSUL}
FRQWRXU PDUNHG DV D VHULHYV RALWKLQWML I WKH QXPEHU RI
DORQ@WKH JHRPHWU\ FRQWRXU VHH )LIXUH 7KH LQWHUVHFW
WKH HOERZ 7L (L DQG WKH VXUIDFH RI WKH REVWDFOH DGC
D FDQGLGDWH VROXWLRQ
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6WDJH 7ZR

7KH RSWLPLVDWLRQ DW WKLV VWDJH XVHV DOO WKH SDUD
HIFHSW WKDW LW LQFOXGHV RQO\ WKH pILWWHUYT FRQILIXUDWL
IURP WKH ILUVW VWDJH QDPHO\ OLQN OHQJWKYV DQG WKH ILU
DGPLWWHG WR WKLV VWDJH 7KHLU RSWLPDO YDOXHV DUH XV
IXUWKHU UHILQHG LQ WKLV VWDJH 7KH DOORZDQFH IRU DGGLYV
SDUDPHWHUV LV SURYLGHG LQ WKH IRUP RI WKH RVFLOODWLR!
RSWLPDO YDOXHV IURP WKH ILUVW VWDJH DUH DOORZHG WR R
RULJLQDO YDOXH DQG GHJ GRZQ 7KH EDQGZLGWK RI RVFLOOL
GHSHQGVY RQ WKH PRWRUV FKDUDFWHULVWLFV 7KH DGGLWLHF
FRQILIXUDWLRQV LL PLQRU D[HV MRLQW ZRUNLQJ UDQJHV
DFFHOHUDWLRQYV 7KH FULWHULD E\ ZKLFK WKH\ DUH RSWL
SURGXFWLYLW\ DQG LLL ZULVW VLQJXODULW\ DYRLGDQFH

7KH FKRLFH RI ZULVW FRQILJXUDWLRQV LV JRYHUQHG E\ WK
DQG FRQFHQWUDWHG RQ 53< UROO SLWFK \DZ DQG 535
SHUIRUPLQJ UROO SLWFK UROO PRWLRQ 7TKH HYDOXDWLR
FRPSDWLELOLW\ RI WKH RULHQWDWLRQ RI WKH VWDQGDUG RU
WKH WUDMHFWRU\ PHDVXUHG LQ UHODWLRQ WR WKH EDVH FR
RI WKH RUWKRQRUPDO EDVLV RI WKH ZULVW 7$3 WRRO DWWDF
WR WKH VDPH FR RUGLQDWH IUDPH :ULVW RULHQWDWLRQ LV
SbUwW Rl WKH WUDQVIRUPDWLRQ PDWULFHYV ZLWKLQ WKH NLQH



RR WKH RUWKR QRUPDO EDVHV DOUHDG\ RULHQWHG LQ WKH WF
SRLQWY DORQJ WKH UHTXLUHG WUDMHFWRU\ 3_ DUH SURMHFW
URERWYV EDVH IUDPH 7KH [ PDWUL[ 5\ UHSUHVHQWY WKH W1
FR RUGLOQBWHWIRIUHVSHFW WR WKH JOREDO IUDPH WR WKH FR
WKH URERWfV EDVH IUDPH 7KH URWDWLRQDO SDUW RI WKH

URERWTY{V IX0OO '2) FRQILIXUDWLRQ $ M DOUHDG\ SURMHFWYV !
WKH VDPH URERWSYV EDVH IUDPH &RPSDWLELOLW\ RI WKH HTX
WKH PDWULFHYVY UHVXOWY LQ PDWFKLQJ RULHQWDWLRQ

ORGHO 5HSUHVHQWDWLRQ

7KH RSWLPLVDWLRQ RI WKH URERW DLPV DW GHWHUPLQLQJ
PRVW VXLWHG WR WKH WDVN 7KH QXPEHU RI SDUDPHWHUV YL
EHFDXVH LQ 553 WKH WKLUG MRLQW EHLQJ SULVPDWLF SURY
MRLQWY DUH UHYROXWH DQG WKH UHDFK EHFRPHV WKH DGGLYV
LQ WKH OHQJWK RI ERWK OLQNV 7KHUHIRUH LI 555 FRQILJXUI
DOORFDWLQJ WKH RSWLPXP UHDFK OLHV LQ WKH GLYLVLRQ RI
WDNHQ WRJHWKHU DV D XQLW DQG LV DGGUHVVHG DV D XQLW
EHFRPHY DQ H[WUD SDUDPHWHU 7KH QXPEHU RI LQGHSHQGHQ
WKH QXPEHU RI WKH FRPSXWHG SDUDPHWHUV UHIOHFWYV DOV
UHDFKHG KHUH WZHOYH 7KH UHSUHVHQWDWLRQ FRQVWLWXW
SDUDPHWHUYV [ ORFDWLRQV DQG WKLUW\ VHYHQ IRU 555 FRC
ORFDWLRQV OLQN OHQJWK LQ RUGHU WR FDWHU IRU DFFHV
SDWKYV

&RGLQJ RI WKH 5 HSUHVHQWDWLRQ LQ 6WDJH 2QH

7KH UHSUHVHQWDWLRQ LV VHSDUDWHO\ GHYHORSHG IRU I
FRPSULVHV WZHOYH VHWV RI HQFRGHG URERW UHSUHVHQWDMW
HDFK RI' WKH ILUVW WKUHH MRLQWYV PRYHPHQW VHFWRU
FRQILIXUDWLRQ D VKDUH LQ WKH XQLW OWQJWK'>RH WRH ILUVYV
WKH GLITHUHQW QXPEHU RI SDUDPHWHUYV WZR VHSDUDWH FRP
IRU ERWK FRQILIXUDWLRQVY DQG D SUHIHUHQFH RI WKH PD
EDVHG RQ WKH TXDOLWDWLYH DQDO\WVLVY RI WKH UHSUHVHQWD
FDOFXODWHG GXULQJ WKHLU HYDOXDWLRQ ZLWKLQ WKH *$ SU

7KH ILUVW VvVWDJH SDUDPHWHUYVY DUH HQFRGHG DV D VLQJOH
HDFK ORFDWLRQ LQ D ELQDU\ UHSUHVHQWDWLRQ 7KH FKURPR
VHTXHQFHY RI 1 JHQHV DQG UHSUHVHQWY 0 UHTXLUHG WUD!
HDFK 7KH QXPEHU RI SDWKVY 0 DQG WKHLU ORFDWLRQ DQG R



OHWHO RI YHUVDWLOLW\ RU RWKHUZLVH WKHLU DELOLW\ WR .
ZRUNVWDWLRQ ZLWKLQ WKH EULGJH JHRPHWU\

7KH FRQWLQXRXV UDQJHV RI SDUDPHWHUV DUH GLYLGHG LC
FRQWLQXRXV YDULDEOHV DUH GLIILFXOW IRU *$ WR KDQGOH
GLYLGHG LQWR LQFOXGLQJ GLVFUHWH FXW RIl YDOXHV ¢
RI VKRUWKDQG IRU HDFK VSHFLILF QXPHULFDO FXW RIl YDO}

GH SRU MRLQW UDQJHV WKH VHDUFK VSDFH LV GLVFUH\
LQWHJHUV RQH IRU HDFK MRLQW HDFK EHQRQILQHSWRVHQW!
%RXQ&BY RI ZRUNLQJ UDQJHV DUH DVVHVVHG EDVHG RQ W
GLPHQVLRQV DQG SUDFWLFDO PRWRU FRQVLGHUDWLRQV KHUH

$UULYLQJ DW WKH RSWLPDO VROXWLRQ PHDQV LQ SUDFWL
DQG OHYHO RI FRQYHUJHQFH DQG WHUPLQDWLQJ WKH RSWLPL)
OHYHO RI WKH JUHDWHVW ILWQHVV 7KLV JHQHUDWHVY WKH ER
ILUVW WKUHH MRLQWYV



JLIXUH 6WDJH 2QH 6WULQJ 5HSUHVHQWDWLRQ

6WDJH 2QH &¢KURPRVRPH &RQWHQWYV
7KH VHDUFK VSDFH LV VL]HG DV IROORZYV GLIJLWYV UHSUHV
FRPSXWDWLRQV IRU 555 RQO\ DQG WKH MRLQW DQJOH UDQJ
GLIJLWY 7KH OHQJWK RI WKH VHFRQG OLQN LV VHW DXWRPDWL
DUP WR EH RI D FRQVWDQW OHQJWK (DFK FKURPRVRPH LV HQF
VSHFLI\LQJ WKH FRQILIJIXUDWLRQ LV ORFDWHG DW WKH EHJLQ
FRQILIXUDWLRQ KDV WR EH FRQVLVWHQW WKURXJKRXW WKH Z
OLQN OHQJIJWKYV ZKLFK KDYH WR EH FRQVWDQW WKH VDPH UR
DUH DQDO\WHG HDFK FRQVLVWLQJ RI 1 SRLQWYV WKHUHIRUH
LV [ ELWV IRU 555 RU ELWV IRU 553 FRQILIJXUDWLRQ
&RGLQJ RI WKH 5 HSUHVHQWDWLRQ LQ 6WDJH 7ZR
7KH VHFRQG VWDJH GHDOV ZLWK WKH PRUH VXLWDEOH PD
IURP WKH ILUVW VWDJH DQG LV GHYLVHG WR L GHWHUPLQH \
ZRUNLQJ UDQJHV IRU WKH ZULVWITV MRLQWY DQG LLL GHW



DFHOHUDWLRQV ZKLFK LQ WXUQ VSHFLI\ WKH W\SH RI PRW
SURGXFWLYLW\ FULWHULRQ

7TKH RSWLPDO YDOXHV RI SDUDPHWHUV IRU WKH FULWH!
SHUFHQWDJH DQG FROOLVLRQ DQG VLQJXODULW\ HOLPLQDW
QHFHVVDULO\ FRPSO\ ZLWK WKH YDOXHV RI WKH VDPH SDUDP}
RU GH[WHULW\ $ VROXWLRQ WR WKLV SUREOHP LV LQWURGXF
RI boO WKH SDUDPHWHUY RVFLOODWH URXQG WKH RSWLPDO YI

$Q HVVHQWLDOO\ VLPLODU FRGLQJ VFKHPH WR UHSUHVHQV
VWULQJV LV DVVXPHG EXW D GLIIHUHQW DSSURDFK WR WKH
WKH VHFRQG VWDJH +RZHYHU FRGLQJ RI WKH SUHYLRXVO\ RS
RQH DOWHUV ,QWHJHU QXPEHU RI SRVVLELOLWLHY SHU SDUDP

L H HWF 6R WKH RSWLPDO YDOXHV RI WKH SD
DUH DXJPHQWHG E\ GHV XS WZLFH IURP WKH RSWLPDO YDOXH
RVFLOODWLRQ ERXQGDULHYVY DQG SURYLGH RSWLRQV RI WKH
FRGH FDSDELOLW\ 7KH UHILQHPHQW VWHSY KHUH GHJ DV z
SXUHO\ H[SHULPHQWDO DQG VKRXOG EH GHFLGHG DIWHU FI
LQYHVWLIDWHG

7ZR PLQRU FRQILIJXUDWLRQV FKRVHQ IRU WKH GHWDLOHG D¢
GHVFULEHG LQ 6HFWLRQ $OVR DOO MRLQWVY DFFHOHUDWIL
LOWR WKH UHSUHVHQWDWLRQ 7KHVH FRQVWLWXWH WZR KXQ
DQRG VHYHQWHHQ SDUDPHWHUV WKH DGGLWLRQDO SDUDPHWEF
OHQJIJWK LI WKH EHWWHU FRQILIJIXUDWLRQ HPHUJHV DV 555 |L
YDOXH LV FDOFXODWHG E\ DGGLQJ WKH FKRLFH RI WKH ZULV
WLPHV VL[ MRLQWVY PRYHPHQW YDULDEOHYVY DQG WZHOYH SRL!
DFFHOHUDWLRQV

e

(o]}
-



JHQH OLQN OHQJWK LI 555 LV VHOHFWHG

JHQH ZULVW FRQILIJXUDWLRQ

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBEBBBRBBBEBBRBBBBBMBHEBBEBBEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

JHQHV FKURPRVRPHO ORFDWLRH®HY FKURPRVRPH RULHQWDWLRQ RI

SRLQW 1 LQ ' SDWK 0 9 9 v SRLQW 1 LQ ' SDWK 0
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBREBBBBBBBBBBBBBBBBBBBEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

JHQHV FKURPRVRPH MRLQW JHQHV FKURPRVRPH MLQW
ZRUNLQJ WDQJHV ZRUNLQJ UDQJHV

3RLQW 1 RI SDWK 0

zéo 0C z
JHQHVY FKURPRVRPH ORFDWLRQ BRHQHV FKURPRVRPH RULHQWDWLRQ RI
SRLQW 1 LQ ' SDWK 0 SRLQW 1 LQ ' SDWK 0
$ K
JHQHV FKURPRVRPH MRLQW JHQHV FKURPRVRPH{ MRLQW
ZRUNLQJ UDQJHV1] w ZRUNLQJ UDQJHYV

3RLQW 1 Rl1 SDWK 0

U 2
BBBBBBBBBBBBBBBBBBBBBBB BB 8 BEBBBBEBEBBBBBEBBBBBBEBEBBBBEBBBBBBBBBB

JHQHYV FKURPRVRPH ORFDWLRQ RHQHV FKURPRVRPHO RULHQWDWLRQ RI
y SRLQW 1 LQ ' SDWK O L 2M SRLQW 1 LQ ' SDWK 0

$

JHQHV FKURPRVRPHO MRLQW JHQHV FKURPRVRPHO MRLQW
ZRUNLQJ LDQJHV;7 9 ZRUNLQJ UDQJHV

SRLQW 1 RI SDWK 0

7+( 6758&785( 2) 0$,1 /223 5(3($7(' )25 $// )285 3$7+6 0

JLIXUH 6WDJH 7ZR 6WULQJ S5HSUHVHQWDWLRQ

6WDJH 7ZR &KURPRVRPH &RQWHQWYV

7KH W\A\SH RI HQFRGHG UHSUHVHQWDWLRQ DW WKLV VWDJH F
L GLIJLW VWULQJ IRU WKH OLQN OHQJWK LI 555 FRQILJXUD!
RQH LL RQH GLJLW IRU WKH PDQLSXODWRU W\SH LLL WL
RI' WKH pIlLWWHUY FRQILIXUDWLRQ GHWHUPLQHG DW VWDJH
PDQLSXODWRU MRLQWVY UDQJHYV Y WLPHV GLIJLWV IRU WK
GLJLWV IRU WKH MRLQW DFFHOHUDWLRQV 1 UHSUHVHQWYVY Wil
KHUH 1 7KH VWULQJYY OHQIJWK KDV WKHUHIRUH [~ [ |



DPRXQWV WR ELWY 7KH VHFRQG FULWHULRQ LV HYDOXDWH ¢
RI WKH SDWKV DV DW WKH ILUVW VWDJH

(YDOXDWLRQ DQG )LWQHVYV

W LV LPSRUWDQW WR PDNH WKH HYDOXDWLRQ SURFHVV HJ
EHFDXVH Rl WKH ODUJH QXPEHU RI WLPHV LW LV SHUIRUPHG *
VWULQJ Rl WKH FXUUHQW JHQHUDWLRQ WR GHFLGH LI DQG KR
EH SDVVHG WR WKH QH[W JHQHUDWLRQ 7KH ILWQHVV YDOXH F
2EMHFWLYH )XQFWLRQV

'KHQ RSWLPLVLQJ D IXQFWLRQ XVLQJ *$ WKH REMHFWLY}!
IXQFWLRQ EHLQJ RSWLPLVHG :LWK WKH DSSURDFK SURSRVH
IXQFWLRQ LV W\SLFDOO\ KRZ ZHOO WKH JHQHUDWHG IRUP FRP
WKH REMHFWLYH IXQFWLRQ IRU D URERW" 7KH DQVZHU GHSH(
ZKLFK D URERW LV EHLQJ VRXJKW ,I WKH SUREOHP LV WR GHV
D VSHFLILHG FXUYH WKH REMHFWLYH IXQFWLRQ PLJKW EH
PHFKDQLVP IROORZV WKH VSHFLILHG WUDMHFWRU\ )RU D YHK
IXQFWLRQ PLJKW EH WR PLQLPLVH WKH SRZHU FRQVXPHG QRL
YHORFLW\ )RU PDQ\ UHDO V\VWHPV WKHUH LV QR VLQJOH PHV
ILWQHVV RI DQ LQGLYLGXDO

2QFH WKH REMHFWLYH IXQFWLRQ RU IXQFWLRQV LV LGHQ\
WKH GHYLFH PXVW EH GHWHUPLQHG (QJLQHHULQJ V\VWHPV
FDWHJRU\ FDQ EH JURVVO\ FDWHJRULVHG LQWR RQH RI WZ
VWRFKDVWLF 7KH GLIIHUHQFH EHWZHHQ WKH WZR FODVVHV L
KRZ WKH URERWY DUH HYDOXDWHG 7KRVH GHYLFHV FODVVLILF
WKHLU EHKDYLRXU GXH WR H[WHUQDO GLVWXUEDQFHV ZKLC
VWRFKDVWLF FDQ PRGLI\ WKHLU EHKDYLRXU ([DPSOHV RI G|
WUXVVHV DQG FHUWDLQ W\SHV RI NLQHPDWLF PHFKDQLVPV
PHFKDQLVPV $OWKRXJK LQ ERWK FDVHV WKH V\VWHPV PLJKW
LQSXWV WKH V\WVWHP FDQQRW FKDQJH LQ UHVSRQVH WR V
VWRFKDVWLF V\VWHPV LQFOXGH ELRORJLFDO DQG URERWLF V
XWLOLVH LQIRUPDWLRQ DERXW WKH HQYLURQPHQW LQ RUGH
UHVSRQVH WR WKDW HQYLURQPHQW

7KHUH DUH WZR ZD\V WR HYDOXDWH D VWRFRQLYWLRIVDOWH |
FRQFHLYDEOH UHVSRQVHV WR D YDU\LQJ HQYLURQPHQW RU
PHDQV WR SHUPLW WKH JHQHUDWLRQ RI DGDSWLYH UHVSRQV
WKH GHVLJQHU WR KDYH GHYHORSHG D OLVW RI UHVSRQVHV W



FRQFHSWV EHFDXVH RQO\ FHUWDLQ EHKDYLRXUV FDQ EH XW
DGDSWLYH UHVSRQVHV FDOOHG FRQWUROOHUV LQWR WKH GH
IHDWXUH RI D VWRFKDVWLF RU D FRPSOH[ V\VWHP >*HQ DQG !¢
7KH SXUSRVH RI D FRQWUROOHU LV WR SHUPLW WKH DXWR
ZKLFK WKH LQSXW RXWSXW UHODWLRQVKLS LV QRW IL[HG $Q
RI WRRO SODFHPHQW DQG VL]JH RI WKH VWHS EHWZHHQ WKH WI
LW PXVW UHVSRQG WR FKDQJHV LQ WKH JHRPHWU\ 7R HYDOX
JHQHULF WRRO PRYH SODQQHU LV UHTXLUHG +RZHYHU VLQFH
NQRZQURRUWY PRYH SODQQHU FDQQRWULRMAMKYI B I BAX Y WHPGVE
FRQWUROOHU PXVW EH GHVLJQHG VLPXOWDQHRXVO\ ZLWK WKFE
FDQ W\SLFDOO\ EH UHSUHVHQWHG DV D FRPSXWHU SURJUDP L
PHDQV DV WKH V\VWHP LWVHOI JHQHWLFDOO\ )RU D VI\VWHP W
KDYH DQ DSSURSULDWH FRQILIJXUDWLRQ DV ZHOO DV DQ DSSUFR
7KH LQFRUSRUDWLRQ Rl DQ HQYLURQPHQW DGDSWLYH FRQ\
QHHGYV WR PRGHO WKH HQYLURQPHQW LQ VRPH PDQQHU 7KLV
VHQVRUV 7R DFKLHYH RSWLPDO SHUIRUPDQFH IURP WKH V\VW
UDQJH RI SRWHQWLDO VHQVRUV DV ZHOO DV WKH DELOLW\ WR
RSWLPDO PDQQHU ,Q WKH DSSURDFK GHYHORSHG E\ WKH DXW
WDNHQ E\ WKH SUHFLVH JHRPHWULFDO PRGHOOLQJ
'KHQ XVLQJ RSWLPLVDWLRQ PHWKRGV WR PD[LPLVH PDWK
LPSHUDWLYH WKDW WKH IRUP Rl FRQWUROOHU XVHG FRQYHU
> @ 'H-RQJ > @ DQG *ROGEHUJ > D@ DOO VKRZ WKDW *
WKH RSWLPDO RU QHDU RSWLPDO UHVXOW IRU D ZLGH YDULH
WKDW WKH HYDOXDWLRQ IXQFWLRQ FRQWDLQV VRPH IRUP RI F¥
2QH WUDS WKH GHVLJQHU PXVW EH DZDUH RI LV WKDW PRVW
UDQJH RI RSHUDWLQJ FRQGLWLRQV :KHQ HYDOXDWLQJ WKH V!
FRQGLWLRQ LV XVHG WKH V\VWHP GHYHORSHG ZLOO FHUWDI
FRQGLWLRQ EXW PD\ IDLO LQ RWKHU FRQGLWLRQV 7R JHQHUL
D UDQJH RI RSHUDWLQJ FRQGLWLRQV WKH GHVLJQHU VKRXOG
IXOO UDQJH 7KLV FDQ EH GRQH E\ HLWKHU WHVWLQJ HDFK
RSHUDWLQJ FRQGLWLRQV RU E\ FKDQJLQJ WKH RSHUDWLQJ FI
VIVWHPV RQH RI WKH SRVVLELOLWLHV LV WR SUHVHQW QRLYV
2EYLRXVO\ LI WKH RSHUDWLQJ FRQGLWLRQV DUH NQRZQ S
RSHUDWLQJ FRQGLWLRQV VKRXOG EH XVHG IRU WKH HYDOXDWL
,Q WKH DSSURDFK DVVXPHG LQ WKLV WKHVLV WKH REMH
SUREOHP KRZ FORVHO\ WKH JHQHUDWHG NLQHPDWLF FRQILJX!



GWHUPLQHG WUDMHFWRU\ RQ WKH EULGJH ,Q RUGHU IRU WKFE
WKH REMHFWLYH IXQFWLRQ VKRXOG WHVW QXPEHU RI WKH EL
DQRG VKDSHV RI WKH FROOLVLRQ HQYHORSHVY DV ZHOO DV YD
7KH VHOHFWLRQ Rl EULGJH GHWDLOV DVVHPEOHG LQ )LIJXUHYV
SDFN WR EH WHVWHG LQ WKH REMHFWLYH IXQFWLRQ WR DFKLF
OXOWLSOH 2EMHFWLYHYV

$00 VA\WVWHPV ZLWK PXOWLSOH REMHFWLYHYVY FDQ EH GLYLGL!
WKH YDULRXV REMHFWLYHV FDQ EH FRPELQHG LQ VRPH P/
UHSUHVHQWDWLYH HYDOXDWLRQ DQG WKRVH LQ ZKLFK WKH RE

&RPELQLQJ PXOWLSOH REMHFWLYHV LQWR D VLQJOH YDOXH
ZHLIJKWLQJ IDFWRU WR HDFK RI WKH REMHFWLYHYVY DQG VXPPLQ

) WF LI
L
ZKHUH ) LV WKH RYHUDOO ILWQHVV |_ WKH ILWQHVV RI
DVVLIQHG WR WKLV REMHFWLYH 7KLV W\SH RI RYHUDOO ILWC
VLQJOH ILJXUH RI PHULW 6)0 >*ROGEHUJ D@

7TKHUH DUH VHYHUDO SUREOHPV ZLWK XVLQJ D 6)0 LQFO?
FKDUDFWHULVWLFVY IURP HDVLO\ TXDQWLILDEOH SDUDPHWHU\
VXEMHFWLYH DVVHVVPHQWY RI ULVN DUH FRPELQHG LQWR L
DVVXPHV WKH VDPH GHJUHH RI FRQILGHQFH IRU DOO FKDUDFYV
WUXH DQG LLL FKRLFH RI VFRUHYV DQG ZHLIJKWLQJ IDFWRUV FI

'"HVSLWH WKHVH GLIILFXOWLHV WKLV PHWKRG LV I[UHTXHQW
GRHV QRW ZRUN ZHOO IRU DQ DXWRPDWHG GHVLJQ WRRO IRU
>9RRJIG @ )LUVWO\ WKH GH¥WLURHRZ MKW VEHBEFQGWKB ZHLJI
6HFRQGO\ WKH VI\WVWHPV XQGHU GHVLJQ PD\ EH TXLWH GLIIHUI
WKH LVVXH RI WKH YDOLGLW\ RI WKH ZHLJKWLQJ EHFRPHV LPSH

7TKHUH LV D VHFRQG PHWKRG ZKLFK XVHV D UDQN EDVHG
PXOWLSOH REMHFWLYHY NQRZQ DV 3DUHWR RSWLPDOLW\ >*R(

@ DQG >)RQVHFD DQG )OHPLQJ @ 7KLV LQYROYHV WKH F
REMHFWLYH IXQFWLRQ YHFWRUV DVVRFLDWHG WR HDFK FULWH
GRPLOQDWHG VROXWLRQ 7KH SDUDPHWHUV DVVRFLDWHG ZLW
GHILQH WKH 3DUHWR RSWLPDO GHVLJQ 7KXV LQ WKH PXOWL
VROXWLRQ EXW D VHW RI DQVZHUV LV REWDLQHG ZKLFK LV (
WZR REMHFWLYH SUREOHP DQ H[DPSOH IRU 3DUHWR RSWLPDO
FUHDWLQJ VXFK D VHW WKH GHVLJQHU LV VWDWLQJ WKDW LW
REMHFWLYH IXQFWLRQV LQWR D VLQJOH IXQFWLRQ DQG WKDW



DUH HTXDOO\ DFFHSWDEOH ,Q WKH UHVHDUFK GRQH RQ 3DUH
JOHPLQJ > @ LQ FRQMXQFWLRQ ZLWK *$ WKH VROXWLRQYV
UHODWLYH VXSHULRULW\ WR RWKHU VROXWLRQV )RU WKH OL
PHWKRG ZRUNV ZHOO

| [ RSWLPDO VROXWLRQ QRQ GRPL
R R QRQ RSWLPDO VROXWLRQ GRPL

2 ILil ILWQHVY YDOXHV DVVLIQHG IURP VHSDUL

y
K

JLIXUH 7ZR REMHFWLYH )XQFWLRQ 6KRZLQJ 3DUHWR 2SW

, /I WKHUH DUH ODUJH QXPEHUV RI REMHFWLYHV WR EH PHW
VROXWLRQV DQG VA\WWHPV LV VXIILFLHQWO\ ULFK WKH ODUJH
RQ WKH SRUWLRQ RI WKH FRQYH[ KXOO IRUPHG E\ 3DUHWR R
TXDOLW\ IRU WKH GHVLIJQHU 7KH GHVLJQHU PXVW XOWLPDWHC
WKH DOWHUQDWLYHYVY WR DUULYH DW SDUWLFXODU GHFLVLRQ
OLWHUDWXUH LV WKH XVH RI D GLVWDQFH LQ 3DUHWR VSDF
YDOXDWLRQ >(VFKDQDXHU HW DO @ 6XEMHFWLYLW\ LV
EHFDXVH WKH GHVLJQHU PXVW VSHFLI\ WKH SRLQW IURP ZKLF|
2Q PDQ\ RFFDVLRQV WKH RULJLQ FDQ EH VSHFLILHG ZLWK OLW
WZR DSSURDFKHV WR PXOWL FULWHULD RSWLPLVDWLRQ ZKLFI
DQG GH[WHULW\ WKH DXWKRU SUHOLPLQDULO\ VHOHFWV WK
ILQDO DSSURDFK GHSHQGV RQ WKH SDUWLFXODU RSWLPLVD
DSSURDFK WR WKH PXOWL REMHFWLYH IXQFWLRQV LV SUHVHQV
VRIWZDUH EHFDXVH WKH 6)0 DSSURDFK LQVWLQFWLYHO\ IH
UHVXOWYV 7KH DXWKRU LQFOXGHG WKH 6)0 RSWLRQ LQ KHU V
RXW DV WKH FRHIILFLHQWY DV ZHOO DV UDQNLQJ GHSHQ
FLUFXPVWDQFHV

$ VHSDUDWH SUREOHP HPHUJHV ZKHQ DVVHVVLQJ WKH YDO
VWDJHVY WKH SUHIHUDEOH VROXWLRQV ZLOO UHFHLYH QXPF
WKHUHIRUH D VFKHPH QHHGV WR EH HPSOR\HG ZKLFK FKDQJ
YDOXHV LQWR KLJKHU ILWQHVV DQG HPSOR\LQJ WKH VXP RI
VDWLVIDFWRU\ UHVXOWYV

riior



JLUVW 6WDJH (YDOXDWLRQ

7TKH HYDOXDWLRQ DW WKH ILUVW VWDJH LV EDVHG RQ G
SURYLGLQJ VHULHV RI SRVLWLRQV RI WKH HQG HIIHFWRU UHO
DVVLIQHG WR HDFK PHPEHU RI WKH SRSXODWLRQ HDFK VWUL
WKH DELOLW\ WR IROORZ FORVHO\ WKH SUH VHW QXPEHU DQG
DYRLGDQFH 7KH DVSHFW RI UHDFKLQJ SRLQWV LQ SUH GH
DGGUHVVHG KHUH 7KH GLVWDQFH EHWZHHQ SDWK SRLQWYV I[
EHWZHHQ WKH QHDUHVW SRLOQWY LUUHVSHFWLYH RI WKHLU VH
GLVWDQFH DVVHVVPHQW KDV WR EH LQWURGXFHG SULRU WF
FORVHU WKH VHW RI FRQILIJXUDWLRQV EULQJV WKH WRRO WR \
EHWWHU LWV UDQN ZLOO EH $W WKH ILUVW VWDJH RI WKH RS\
DV IROORZV

1[0
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ZKHUH
| 7 v (uv& _ RWM 7( & _
. A RWKHUZLVH

7KH YDULDEOHV DUH H[SODLQHG LQ 6HFWLRQ DQG GHIL(

'"HILQLWLRQ VHFWLRQ DW WKH EHJLQQLQJ RI WKH WKHVLYV
6HFRQG 6WDJH (YDOXDWLRQ

$W WKH VHFRQG VWDJH WR HYDOXDWH WKH EHVW LQGL
DVSHFWV UHODWLQJ WR WKH FULWHULD RI GH[WHULW\ DQG SU
WLPH RI HYHU\ DWWHPSW WR UHDGE K XFEHUY @RBERWQRY RXW \RW
WR WKH ORQJHVW WLPH WM UHTXLUHG PRYLQJ HDFK RXW RI D
ZLWK WKH VPDOOHVW YDOXH RI WKH SUHYLRXVO\ FDOFXODWH(
ILWQHVV 7KH GLVWDQFHV WR WKH SRLQWY DUH QRWMDQ REMH
DW WKH ILUVW VWDJH 7UDSH]J]RLGDO YHORFLW\ SURILOH LV V
ILWQHVV IXQFWLRQ UHODWLQJ WR WKH SURGXFWLYLW\ WLPH

1[0
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$ VHSDUDWH WKLUG FRPSRQHQW RI WKH ILWQHVYV IXQFWLF
URWDWLRQDO SDUWV RI WKH WUDQVIRUPDWLRQ PDWULFHV DU
WKH zZULVW 7KLV RULHQWDWLRQ LV GLVSOD\HG WKURXJK WI
ZKHUH WKH FROXPQ YHFWRUV Q V D LQ (TQ UHSUHVH!



RGLEDWHYV RI WKH ZULVWYIV XQLW YHFWRUV RQWR WKH URERYV
SDWK 3L PXVW DOVR KDYH DOORFDWHG XQLW RUWKRQRUPDO
WRRO RULHQWDWLRQ )RU H[DPSOH D VLQJOH SRLQW ZLWKLQ
WKUHH YDOXHVY [\] RI FR RUGLQDWHYV LQGLFDWLQJ WKH ORF
RI XQLW RUWKRQRUPDO EDVHV VSHFLI\LQJ WKH UHTXLUHG ZD\

~1 - ~ S~§ll ‘2\~.1
U1 w: \% Vi W

7KH FROXPQV RI WKH PDWUL[ 5\ LQGLFDWH WKH SURMHFWL
SDWK SRLQWITV XQLW YHFWRU RQWR WKH URERWYV EDVH IUDPF
ILWQHVVY ZLOO KDYH WKH PD[LPXP YDOXH RI WKH VTXDUHG |
EHWZHHQ WKH UHOHYDQW FROXPQ YHFWRUV RI ERWK PDWULFH

1[0
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7KH WRWDO HYDOXDWLRQ IXQFWLRQ ZLOO FRQVLVW RI WZR FR

I $1D % IE

ZKHUH $ DQG % DUH pPZHLIJKWLQJY IDFWRUV DVVLIQHG C(
LPSRUWDQFH RI SURGXFWLYLW\ DJDLQVW GH[WHULW\ 'XH WR
MZHLIKWLQJY IDFWRUV ZLWKRXW DQ\ ORJLFDO RU SUDFWLFD(
UHVXOWY WKH DXWKRU GRHV QRW FRPELQH WKH UHVXOWYV LG
RQ ERWK IDDQG I ELQGLYLGXDOO\

&RPSXWLQJ 7TRRO '"HYHORSPHQW

7KH SURJUDP IRU WKLV VSHFLILF RSWLPLVDWLRQ LV D )25
DOJRULWKP GULYHU >&DUROO @ 7KLV FRGH LQLWLDOLVH)
ZLWK GLIITHUHQW SDUDPHWHUV WR EH RSWLPLVHG XVLQJ WKH
HYROXWLRQ YLD VXUYLYDO RI WKH ILWWHVW 7KH *$ XVHG LV
XVHV QRQ RYHUODSSLQJ SRSXODWLRQV ,Q HDFK JHQHUDWLRQ
QHZ SRSXODWLRQ RI LQGLYLGXDOV :KHQ VLPSOH *$ LV FUHDW
LV VSHFLILHG WKH QHZ *$ ZLOO FORQH WKH LQGLYLGXDOV V
PDNH LWV RZQ SRSXODWLRQ (OLWLVP LV RSWLRQDO EXW VKR
WKH EHVW LQGLYLGXDO IURP HDFK JHQHUDWLRQ LV FDUULHG
VHOHFWLRQ VFKHPH XVHG LV WRXUQDPHQW ZLWK D VKXIIOLQ.
SDLUV IRU PDWLQJ ZKLFK UHSUHVHQWY PL[HG VDPSOLQJ PHF



EQDU\ FRGLQJ IRU WKH LQGLYLGXDOV MXPS PXWDWLRQ FUHI
VLQJOH SRLQW DQG XQLIRUP FURVVRYHU 7ZR PHWKRGV RI

LPSURYH SHUIRUPDQFH DQG UHGXFH WKH FRPSXWLQJ ORDG 1l
IRU WKH QXPEHU RI FKLOGUHQ SHU SDLU RI SDUHQWYVY WR HQ(
DGGHG $Q RSWLRQ WR XVH PLFUR *$ LV DOVR DGGHG LQ RUC
QXPEHU RI FRPSXWDWLRQV 7KH VWDQGDUG VXEURXWLQHV IRL
LLL ELQDU\ FRGLQJ DQG GHFRGLQJ DQG LY SDUDPHWHU DG
UXQV DQG YHULILFDWLRQ 7KH H[LVWLQJ GULYHU KDG D VXEUR
PDWKHPDWLFDO IXQFWLRQ VXEVWLWXWHG E\ WKH DXWKRU V |
DQRG WKH YHULILFDWLRQ DSSURDFK 7KH ZKROH SURFHVV FDQ
EORFNV FRQWDLQLQJ GHVFULSWLRQ RI PRGXOHV WKHLU L
FDOFXODWLQJ W\SH RI GDWD DQG zZD\V RI WUDQVIHUUDO EHW
LQ )LIXUH SDUWV $ DQG % IRU VWDJH RQH DQG WZR FRQVI



7KH PDLQ WRRO IRU WKH RSWLPLVDWLRQ XVLQJ *$ LQ )2575%1

'DWD UHDG IURPF
YLD W\SLFDO )2575%$1 UHDGLQJ DQG ZULWLQJ

ILOHV

| WR WKH VHSDUDWH UHVWDUW ILOH FRQWDLQI
6HSDUDWH LQSXW ILOH IRU, ¥¥§X5)I-HV</L HLQGLYLGXDOV ZLWK FRGHG YDOXHV IRU HDFK
([WHUQDO ILH ZLWK PDQXDOO KYI%

H
G
E

Q%"F HYDWLRQ DQOG FDOFXODWLQJ WRRO ORFDWLROQ
IRU QSRSVL] QSDUDP SPXWDWH EB(J HDFK SDWK SRLOW
SFURVYV SFUHHS DQG PD[ DQGEFLRypg jURP D ILOH FUHDWHG DXWRPDWLFDOO\ GXULQJ |
YDOXHV IRU FDQGLGDWH UREW) YWY PEBWHY 2 YLD W\SLFDO )2575$%$1 UHDGLQJ DQG ZULW
ZLWK QXPEHU RI SRVVLELOL h'ﬁ\lf) RHJ BT RERW v WRRO FDOFXODWHG IURP WKH YDOXHYV
SDUDPHWHU UHDG IURP UHVWDUW ILOH

2ULJLQDO *$ VRIWZDUH IRU JHQHUDO IXQFWLRQ RSWLPLVDWLRQ
7KH FRGH LQLWLDOLVHYVY D UDQGRP VDPSOH RI LQGLYLGXDOV ZLWK GLIIHUHQW SDUDPHWH
*$ DSSURDFK

7KH VHOHFWLRQ VFKHPH XVHG LV WRXUQDPHQW VHOHFWLRQ >*ROGEHUJ @ ZLWK D VK
SDLUV IRU PDWLQJ

7KH URXWLQH LQFOXGHYV ELQDU\ FRGLQJ IRU WKH LQGLYLGXDOV MXPS PXWDWLRQ DQG W

FURVVRYHU ZLWK IL[HG SUREDELOLWLHYV

(I WHQVLRQ IRU VLQJXODULW\ DQG F L
HOLPLQDWLRQ I§88|=|\é B)QQFWLRQ HYDOXDWRU

IRU VWDJH
$GGHG VHW RI HTXDWLRQV WR RULJLQDO SUR
FR RUGLQDWHYV RI FROOLVLRQ HQYHORSH

FQ U XGLQJ WKH

WKH FROOLVLRQ SODQHVY DQG UHODWLQJ W % % GSGRI(V-\FISH
ORFDWLRQ FDOFXODWHG XVLQJ GLUHFW NL L\J9
WKH SXUSRVH RI HOLPLQDWLQJ VLQJXODUL %L

HUDWLRQ

O0DQXDOO\ LQSXMPOXHV DGGHG WR

YDOXHV IRU DOQQMKN ILOH DIWHU SULRU
*HRPHWU\ RI WKHYDULDEOHV ZLWBROFXODWLRQVYRFIDMKIHRQ RI SDWK
FROOLVLRQ HQYHORIS$DUDWHO\ FR RUGLQDWHWLQWY WR EH

3URYLGHV GDWD IREDOFXODWHG FREDVHG RQ WKH|RIGORZHG E\ HQG
VLQJIJXODULW\ DQG FRRAUIGLRIWHYV RIRI

XQLwW ZRUNVS%HHFWRU
HOLPLQDWLRQ 6HMRBOLVLRQ HQYHORBMHGVEULGJIH

VHSDUDWHO\ FDOFXBDRWQHUFRRLQWYV JGIRPIHDAOU \ 'b?NHLVRSDEV\(D.'E:
RUGLQDWHYV Rl FROROLWXRQ SODFHPH@WXDO SODFg‘ HV RI WKH SRLQWYV
HQYHORSH V FRUQH UXSRALIQMWW KDQGOH & UWIPHU KDQ & H SDWKV
W\SLFDO )2575$1W\SLFDO )2575%$1
UHDGLQJ DQG ZULWHMGELQJ DQG ZULWLQJ
ILOHV ILOHV

5HIHUUDO WR WKH UHVWDUW ILOH

IRU SDUDPHWHU YDOXHV RYHUZULWWHQ IRU HDFK JH
GLVWDQFH WR HDFK SDWK SRLQW O5HDGLQJ SDWK SRLQWV ORFDWLRQV IURP D VHSDUD
)2575%$1 UHDGLQJ DQG ZULWLQJ ILOHV

2XWFRPH IRU VWDJH RQH
JRU WKH EHVW PHPEHU RI WKH SRSXODWLRQ LQ WKH ODVW JHQHUDWLRQ
SDUDPHWHUV WKH

WK
DQG

ILWQHVV WKH VWDQGDUG GHYLDWLRQ DQG DYHUDJH YDO?>
ILWQHVYV IRU WKLV JHQHUDWLRQ DQG WKH DUUD\ RI WKH EHVW ILWQHVYV

1XPHULFDO YDOXHV ZULWWHQ LQWR VHSDUDWH RXWSXW ILOHV 5HFHLYHG YLD W\SLFDO )2
LQVSHFWLRQ DQG PDQXDO FRPSDULVRQ



5HIHUUDO WR WKH VHSDUDWH UHVWDUW ILOH FRQWDLQLQJ
6HSDUDWH LQSXW ILOH IRU YW®I MHBYV zZLWK FRGHG YDOXHV IRU HDFK SDUDPHWHU

(IWHUQDO ILOH ZLWK PDQXDOO\|RQSKM X DIPOHUDWLRQ DQG FDOFXODWLQJ WRRO ORFDWLR
IRU QSRSVL] QSDUDP SPXWDWH PD[JHQ WR HDFK SDWK SRLQW
SFURVV SFUHHS DQG PD[ DQG PL®WD UHDG IURP D ILOH FUHDWHG DXWRPDWLFDOO\ GXU
YDOXHV IRU FDQGLGDWH URERW VyROWRBEWIHUYD , 2 YLD W\SLFDO )2575%$1 UHDGLQJ DQG Z!l
ZLWK QXPEHU RI SRVVLELOLWLHV |RE HAPIFKQ RI URERW V WRRO FDOFXODWHG IURP WKH YI
SDUDPHWHU UHDG IURP UHVWDUW ILOH

2ULJLQDO *$ VRIWZDUH IRU JHQHUDO IXQFWLRQ RSWLPLVDWLRQ
7KH FRGH LQLWLDOLVHY D UDQGRP VDPSOH RI LQGLYLGXDOV ZLWK GLIITHUHQW SDUDPHWH
*$ DSSURDFK
7KH VHOHFWLRQ VFKHPH XVHG LV WRXUQDPHQW VHOHFWLRQ >*ROGEHUJ @ ZLWK D VK.
SDLUV IRU PDWLQJ
7KH URXWLQH LQFOXGHYV ELQDU\ FRGLQJ IRU WKH LQGLYLGXDOV MXPS PXWDWLRQ DQG W
FURVVRYHU ZLWK IL[HG SUREDELOLWLHV

$GGHG IXQFWLRQ HYDOXDWRU IRU VWDJH WZR
6XEURXWLQH )XQF LQFOXGLQJ WKH IXQFWLRQ HYDOXDWRU DGGHG (TQ DVVHVVHG
SRSXODWLRQ LQ HDFK JHQHUDWLRQ

5HIHUUDO WR WKH UHVWDUW ILOH IRU SDUDPHWHU |

RYHUZULWWHQ IRU HDFK JHQHUDWLRR®SmDQAGD W\DFDAKOBPWZRWK LQSXW YDULDEOHV IRU
WRRO RULHQWDWLRQ DQJOHV DQG WKHLU GLYWB®IHR MHZ R

I[URP LGHDO SRVH SOXV WLPH QHHG HiGgy WRQBBDII $WWK PDQXDOO\ LQSXW YDOXHV IRU
SRLQWY DQG RULHQWDWH WKH WRROQSROBLQRIEBWKP SPXWDWH PD[JHQ

SRLQWY ORFDWLRQV IURP D VHSDWRFWYHHL SXYG ! PO DBWDPLQ YDOXHV IRU FDQGLGDWH
UHDG IURP D ILOH FUHDWHG DXWRPDMRIW ROOD FFHWAUY ZLWK QXPEHU RI SRVVLELOLW
ILUVW LWHUDWLRQ )XUWKHU XVH YRR W& R UBPHWAU 9DOXHV RI DOO VL[ MRLQWYV

UHDGLQJ DQG ZULWLQJ ILOHVY ySHHGV DQG DFFHOHUDWLRQV DGGHG

DWD SODFHG PDQXDOO\ QWR FKDQJHG IURP VWDJH RQH LQSXW ILOH O0D[ DQG PLQ YI

SDUDPHWHUV ZLWK QXPEHU RI SRVVLELOLWLHYV IRU HDFK SDUDPHWHU IURP SUHYLRXV

PDQXDO DQDO\VLV IURP ILUVW VWDJH IRU IXUWKHU UHILQHPHQW $00 DGGLWLRQDO QHZ

H[WHUQDO DVVHVVPHQW RI PRWRUV DQG WRRO V SRVHV LQ DSSURDFKLQJ WDVN ORFDWI
KDQGOHG YLD W\SLFDO )2575%$1 UHDGLQJ DQG ZULWLQJ ILOHV

2XWFRPH IRU VWDJH WZR
JRU WKH EHVW PHPEHU RI WKH SRSXODWLRQ LQ WKH ODVW JHQHUDWLRQ WKH Y
SDUDPHWHUV WKH ILWQHVV WKH VWDQGDUG GHYLDWLRQ DQG DYHUDJH YDOXH)
DQG ILWQHVV IRU WKLV JHQHUDWLRQ DQG WKH DUUD\ RI WKH EHVW ILWQHVV )
DOO JHQHUDWLRQV

1XPHULED®XHY ZULWWHQ LQWR VHSDUDWH RXWSXW ILOHV S5HFHLYHG YLD W\SLFDO )2575$1
E\ ,QVSHFWLRQ DQG PDQXDO FRPSDULVRQ

J)LIXUH D DQG )LIXUH E ORGXOHV DQG WKHLU 5ROHV )XQF
IRU 6WDJHV 2QH DQG 7ZR

7KH GULYHU DV LQWURGXFHG E\ &DUUROO > @ KDV PI
JXDUDQWHH PRUH IOH[LELOLW\ WR DYDLODEOH RSWLRQV L L



PD[LPXP YDOXHV RI WKH SDUDPHWHUV ZLWK WKH QXPEHU
SDUDPHWHU DQG LL VSHFLILF SDUDPHWHUV FDQ EH VHOHFWF
WKH GHWDLOHG DOJRULWKP ZLWK WKH GLVWLQJXLVKHG SDUW
DOVR VKRZV WKH VFKHPDWLF GLDJUDP RI WKH GDWD IORZ $S.
RI WKH VRIWZDUH OLVWLQJ

S5RERW 6LPXODWLRQ 6RIWZDUH

7KH DXWKRU IHOW WKDW DOWKRXJK WKH GHYHORSHG PHV
RSWLPLVDWLRQ XVLQJ *$ LV JRLQJ WR EH YHULILHG RQ DQ LQC
&KDSWHU DGGLWLRQDO FRQILUPDWLRQ RI WKH IHDVLELOLW!
LQYHVWLIJDWHG WKH FRPPHUFLDOO\ DYDLODEOH URERW VLF
*5$63 IURP %<* WR PRGHO WKH RSWLPLVHG URERW DQG UH |
RSWLPLVDWLRQ LQ &KDSWHU

*5$63 *UDSKLFDO 5RERW $SSOLFDWLRQV 6LPXODWLRQ 3D
VLPXODWLRQ SDFNDJH ZKLFK PRGHOV LQGXVWULDO URERW L
GHYHORSPHQW RI 6$00,( &$%' D JHRPHWULFDO PRGHOOHU DXJ
DV D GDWD EDVH RI NLQHPDWLFV PRGHOV IRU GLIIHUHQW PF
RSHUDWLQJ V\WVWHPV >'RRQHU @ ,Q *5$63 DQ LQGHSHQG!
FDQ EH GHILQHG ZKLFK LV D FKDLQHG OLQNHG VWUXFWXUH V\
RI WKH URERW DUP DQG RSHQ DW WKH RWKHU WKH WRRO WL
RI WKH URERW LV GHILQHG LQ WZR SDUWV WKH IOHVK RI WKH
LV LQ IDFW WKH ERG\ZRUN Rl WKH URERW L H WKH JHRPHYV
JULSSHU DQG WKH EDVH 7KH IXQFWLRQDO SURSHUWLHV RI WK
W\SH Rl WKH MRLQWY WKHLU UHODWLYH SRVLWLRQ DQG WKH
WKH NLQHPDWLF PRGHO Rl URERW 7KH VRIWZDUH LQFOXGHV L
WKH IOHVK RI D URERW DQG RWKHU REMHFWYVY LQ LWV ZRUNFHC
XVHG HLWKHU LQWHUDFWLYHO\ RU WKURXJK D GHVFULSWLYH
(DFK REMHFW LQ WKH ZRUN SODFH FDQ EH SURJUDPPHG WR PR
FDQ WDNH SODFH LQ SDUDOOHO DQG WKH\ PD\ EH VIQFKURQLV
DGGLWLRQ WKH URERW FDQ DOVR EH LQVWUXFWHG WR GULYH
PRGH DQG RQWR DQ REMHFW

*5$63 LV PDLQO\ D NLQHPDWLFV VLPXODWLRQ SDFNDJH DQG
DUH QRW PRGHOOHG 7KH VLPXODWLRQ RI WKH URERW WKHU
RSHUDWLRQ RI WKH UHDO PDFKLQH ,Q *5$63 DOO WKH HQWLW
SURJUDPPHG WR PRYH XVLQJ WKH 75$&. IDFLOLWLHV $ VHSDUI
HDFK REMHFW DQG WUDFNV FDQ EH V\QFKURQLVHG DQG UXQ



SDDOOHO HQYLURQPHQW 7KH RSHUDWLRQ RI WKH WUDFNV FD
FORFN EXLOW LQWR *5%$63 RU E\ XVLQJ YDULDEOHV DQG IODJ
HQWHUHG LQWHUDFWLYHO\ E\ GHILQLQJ WKH QH[W ORFDWLF
$OWHUQDWLYHO\ WKH KLJK OHYHO WH[W SURJUDPPLQJ ODQJ>
WUDFNV RIlI OLQH 6LPLODU WR WKH DVVHPEO\ SURFHVV WK
RSHUDWLRQDO WDVNV WR DQLPDWH WKH PRYHPHQW RI WKH L
WDVN 1HDUO\ DOO WKH DGYDQFHG WHFKQLTXHVY SURYLGHG L
SURGXFH D VDWLVIDFWRU\ RXWFRPH

6 XPPDU\

7KLV FKDSWHU KDV VKRZQ KRZ WKH RSWLPLVDWLRQ WRRO
URERW V RSWLPLVDWLRQ SUREOHP &KDSWHU 7ZR VWDJHV
RSWLPLVDWLRQ GXH WR WKH FKDUDFWHULVWLFV RI WKH FULV
VHSDUDWH SDUDPHWHUV DQG UHODWHG FULWHULD KDYH UHV
DQDO\VLV DQG JUHDWHU VSHHG RI DVVHVVPHQW

8VLQJ *$ IRU WKH RSWLPLVDWLRQ RI WKH URERWY{V SDUDP
'2) FRQFHQWUDWHG RQ VHOHFWLQJ RSWLPDO RXW RI WZR FI
VHFRQG VWDJH WKH ODVW '2) KDYH DOVR EHHQ VHOHFWHG R»

-RLQWV ZRUNLQJ PRYHPHQW UDQJHV UHODWHG WR WKH ILU
LQ WKH ILUVW VWDJH DFFRUGLQJ WR FULWHULD RI VLQJXOI
SHUFHQWDJH RI FRYHUDJH ,Q WKH VHFRQG VWDJH ZULVW V M
RSWLPLVHG DFFRUGLQJ WR VLQJXODULW\ DYRLGDQFH DQG GH]
DQG DFFHOHUDWLRQV RI DOO '2) KDYH EHHQ RSWLPLVHG IRU

7KURXJKRXW WKH *$ DSSOLFDWLRQ GHYHORSPHQW WKH PDL
ZLWK VXFK D IRUP Rl UHSUHVHQWDWLRQ DQG HYDOXDWLRQ W
SHUIHFW VROXWLRQ LQ D UHDVRQDEOH DPRXQW RI WLPH 7K
SDWKV DQG QXPEHU RI SRLQWV DORQJ WKRVH SDWKV WR IROO
WKH VL]H RI WKH VWHS EHWZHHQ WKH VXEVHTXHQW GLVFUHWH
VLIH Rl WKH WUDQVIRUPDWLRQ PDWULFHV DQG WKH OHQJWK F
XSRQ WKH FRQILIXUDWLRQ WZR VHSDUDWH FRPSXWDWLRQV KI
553 FRQILIXUDWLRQV

$IWHU WKH *$ DSSOLFDWLRQ PHWKRG KDV EHHQ GHYHORSHG
KDV EHHQ GHVLJQHG WR UHIOHFW WKLV $ JHQHUDO SXUSRVH
ZDV IXUWKHU GHYHORSHG WR VXLW WKH SUREOHP DQG WKH H
FDOFXODWLRQ IXQFWLRQV DQG VHWWLQJ XS HQYLURQPHQW IR
ZHUH DGGHG
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7TKHQ WKH URERW VLPXODWLRQ VRIWZDUH ZDV VHOHFWHG
DGGLWLRQDO IHDVLELOLW\ FKHFN DW WKH ODWHU VWDJH DIW
REWDLQHG

7KLV FKDSWHU WKHUHIRUH KDV SUHVHQWHG WKH *$ IUDPF
UHDG\ WR SHUIRUP 7KH GHYHORSPHQWDO SDUW RI WKLV UHVH

7KH IROORZLQJ FKDSWHU WHVWYV WKH DSSURDFK RQ WKH
DOWHUQDWLYH WRROV FRQILIJIXUDWLRQ IRU WKH PHWKRG YHU



3DU W/K U HH

S5HVHDU PAKU LILFDWPRBQHPHQWDWLRDOQ

([SHU LPH QDWQWG&R Q FO X VLR Q V



&KDSWHU *$ @I RU LVOHKWPLILFDWLRQ

, QWURGXFWLRQ

1RZ WKDW WKH VROXWLRQ WR NLQHPDWLF RSWLPLVDWLRQ F
DV VKRZQ LQ &KDSWHUYV DQG DQRG WKH SURVSHFWLYH WI
DSSOLFDELOLW\ DVVHVVHG LPSOHPHQWDWLRQ LV WR EH FDU
PHWKRG KDV EHHQ GHYHORSHG LW KDV WR EH DSSOLHG WR D
ZHOO NQRZQ RU DUULYHG DW XVLQJ WKH DOWHUQDWLYH PHWK

7TKHUHIRUH EHIRUH WKLV PHWKRGRORJ\ FDQ EH LQWURGXF
UHVWRUDWLRQ IRU VWHHO EULGJHYV WKH UDWH RI VXFFHVV D
WR EH YHULILHG RQ DOUHDG\ RSWLPLVHG URERW 7KLV LV FD
O0XOWL 3XUSRVH ,QWHULRU 5RERW 03,5 ZKLFK ZDV GHYHORSH
RI THFKQRORJ\ E\'U 5 1DYRQ RSWLPLVHG XVLQJ ORJLFDO HO
VLPXODWLRQ VRIWZDUH 6LPLODUO\ WKH NLQHPDWLF SDUDPH\
EHFRPHVY VWUDLJKWIRUZDUG WR PRGHO WKH 03,5 DQG WKH ZR
E\ FRPSDULQJ WKH UHVXOWY 7KH ZKROH DSSURDFK WR YHULI
LOWURGXFHG LQ &KDSWHU DQG KDV WR EH FXVWRPLVHG D
SUREOHP VLPLODUO\ WR D FDVH VWXG\ LQ &KDSWHU ZKL
YHULILFDWLRQ FDVH VWXG\

7KH RULJLQDO GDWD DERXW 03,5 RSWLPLVDWLRQ LV LQFOXG
SKRWRFRSLHG MRXUQDO SDSHUV UHSRUWLQJ RQ WKH GHYHORSE

$SSURDFK WR OHWKRG 9HULILFDWLRQ

7TKH 0OXOWL 3XUSRVH ,QWHULRU 5RERW 03,5 ZDV GHYHORS
THFKQLRQ ,VUDHO ,QVWLWXWH RI 7THFKQRORJ\ 7KH FKRLFH R
LWV SDUDPHWHUV LV DLGHG E\ LQQRYDWLYH XVDJH RI D FR
SDFNDJH 03,5 LV GHVLJQDWHG WR SHUIRUP LQWHULRU WDVNYV
LL SODVWHULQJ RU SDLQWLQJ ZDOOV DQG FHLOLQJV LLL |
VWUXFWXUDO FRPSRQHQWYV ZDOOV SDUWLWLRQVY DQG VODEV

7TKH URERWIV GHYHORSPHQW DQG RSWLPLVDWLRQ LV ZHC
SXEOLFDWLRQV >1DYRQ @ >1DYRQ E@ >:DUV]DZVNL
>1DYRQ DQG :DUV]DZVNL @ 7KH DXWKRU WDNHV WKH YLHZ
FDQ EH FRQILUPHG XVLQJ *$ WKHQ WKH LQQRYDWLYH XVH RI *
FDQ SURYLGH FUHGLEOH UHVXOWYVY ZKHQ DGDSWHG WR WKH |
UHVWRUDWLRQ RI VWHHO EULGJHYV
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&RQILUPLQJ RSWLPDO YDOXHV RI FRPPRQ SDUDPHWHUV RI O
URERW SURYLGH D JRRG EDVLV IRU WKH *$ RSWLPLVDWLRQ D
FDQ EH FKHFNHG DJDLQVW WKH SUHYLRXVO\ YHULILHG RQHV

03,5 2ULJLQDO 'HVLJQ 2SWLPLVDWLRQ $SSURDFK

7KH PDLQ REMHFWLYHV RI WKH JUDSKLF VLPXODWLRQ DUH
LL FRPSDULQJ SHUIRUPDQFH DPRQJ GLIITHUHQW DOWHUQDV
GHWHUPLQLQJ RSWLPDO YDOXHV RI URERW SDUDPHWHUYV

7KH PDLQ VLPXODWLRQ SDUDPHWHUV DUH L FRQILIXUDMW
GLPHQVLRQV RI DUP OLQNV DQG FDUULDJH LLL WUDGH RII
QXPEHU RI ZRUNVWDWLRQV QHHGHG WR FRPSOHWH D WDVN IR
YHORFLWLHY DQG DFFHOHUDWLRQV RI WKH DFWXDWRUYV

7KH URERW LV HPSOR\HG IURP VWDWLF ZRUNVWDWLRQV WKI
GHWHUPLQHG E\ ZLGWK RI WKH GRRUZD\V DQG PDQRHXYUDEI
WASLFDO HQYLURQPHQW IORRU JHRPHWU\ RI WKH EXLOGLQJ |
XQLW ZRUNVSDFHV 7KH SD\ORDG DQG WKH VHOI ZHLJKW DU}
WDVN FKDUDFWHULVWLFVY DQDO\VLV

7KH URERWYV UHDFK LV RSWLPLVHG DJDLQVW WKH IROORZ
QXPEHU RI ZRUNVWDWLRQV DQG LLL FRVW

6LPXODWLRQ UHVXOWY DUH REWDLQHG IURP LQYHVWLJDWL
PDVRQU\ DQG SDLQWLQJ B5RERW FRQILIJIXUDWLRQV DUH UHGX
VSKHULFDO DQG DUWLFXODWHG ERWK ZLWK WKUHH UHYROXW
WKH YROXPH RI WKH HIITHFWLYH ZRUN HQYHORSH EDVHG RQ D
D SURSRVHG EXLOGLQJ VKRZQ LQ )LJXUH Rl1 :DUV]DZVNL DQ
* WKH DUWLFXODWHG URERW LV LGHQWLILHG DV RSWLPDO S
HQYHORSH DQG WKHUHIRUH UHGXFLQJ WKH QXPEHU RI QHFHVYV
RI WKH EXLOGLQJ 7KH DUP OHQJWK RU UHDFK LV DVVHVVHC(

P P P P P P DQG P 7KH FULWHULD IRU WKI
SURGXFWLYLW\ LL QXPEHU RI ZRUNVWDWLRQV LLL FROOLVI
FRYHUDJH 7KH ORQJHU WKH DUP WKH PRUH GLIILFXOW LI QR
PDQRHXYUH LQ FRQILQHG VSDFHV OLNH VPDOO URRPV 7KH
UHDFK RI P DV RSWLPDO IRU D YDULHW\ RI WKUHH GLPHQVLR
E\ D VLQJOH ZRUNVWDWLRQ ORFDWLRQ

$FWXDWRUVY YHORFLWLHY DQG DFFHOHUDWLRQV DUH WKH
HITHFW RQ WKH SURGXFWLYLW\ 7KH DFWXDWRUVY DFFHOHUD
VWUHQJIJWK DQG ULJLGLW\ RI WKH OLQNV 7KH HIIHFW RI WK
FRQVLGHUHG IRU 03,5 7KH EDODQFH EHWZHHQ WKH YHORFLWIL
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SEGXFWLYLW\ DV D UHVXOW DJDLQVW ZHLJKW DQG FRVW DUH
373 DQG FRQWLQXRXV PRWLRQ XVLQJ YDULRXV YHORFLW\ ¢
PDVRQU\ DFWLYLW\ UHSUHVHQWLQJ 373 PRWLRQ WKH RSW
YHORFLWLHV IRU DQ DUWLFXODWHG URERW ZLWK D UHDFK R
SURGXFWLYLW\ LQFUHDVHV ZLWK WKH DPSOLILFDWLRQ RI WKH
DVIPSWRWLF OHYHO DURXQG WKH PHQWLRQHG UDQJH 7KUHH
H[SHULPHQWYV L WUDSH]RLGDO LL WUDSH]RLGDO ZLWK
GHFHOHUDWLRQ DQG FKDQJLQJ YHORFLWLHY DQG LLL UHFWI
03,5 2SWLPLVDWLRQ 9HULILFDWLRQ XVLQJ *$ ORGHO

$V WKH RSWLPLVDWLRQ SURFHVV IRU 03,5 LV DQDO\VHG LW
YDOXHV IRU UHODWLQJ SDUDPHWHUV FDQ EH FRQILUPHG XVL(
*$ DSSURDFK LV WKXV FRQVLGHUHG DV FRUURERUDWHG DQ
RSWLPLVDWLRQ RI DQRWKHU DSSOLFDWLRQYV

7KH SDUDPHWHUV IURP 03,5 RSWLPLVDWLRQ ZKLFK FRXOG E
FKRLFH EHWZHHQ VSKHULFDO DQG DUWLFXODWHG FRQILJXUDW
DFFHOHUDWLRQYV

$ UHSUHVHQWDWLYH PRGHO RI VWDQGDUG GZHOOLQJ ZLW|
DUH DQDO\VHG LQ RUGHU WR HVWDEOLVK WKH ERXQGDULHV R
WLPH FRUQHUV Rl WKH FROOLVLRQ HQYHORSH $V VWDWHG LQ
DPRXQW RI ZRUNVWDWLRQV LQ D VWDQGDUG GHZHOOLQJ ZLWk
SDSHU LV VL[ DQG IRU WKLV WR KDSSHQ WKH URERW KDG V
URRP 7KUHH GLIIHUHQW VL]H URRPV VPDOO PHGLXP DQG ODL
WKH URERW SODFHG FHQWUDOO\ RQO\ KDOI Rl HDFK URRP LV
FRUQHUV RI WKH ER[ VKDSHG ZRUNVSDFH FRQVWLWXWH WK}
HQYHORSH DQG DUH LQSXW LQ WKH GDWD ILOH $OVR D URER
WKH IORRU OHYHO GXH WR 03,51V GLPHQVLRQV

7KHQ WZR WDVNV DUH VHOHFWHG IRU 03,59V SHUIRUPDQFH
DSSO\LQJ VXUIDFH FRDWLQJ 7KH DFWLYLW\ Rl FRDWLQJ UHV
XVLQJ EODVWLQJ QR]]JOH 7KH SDWKV VHOHFWHG WRRN LQWF
VSUD\LQJ QR]JOH LWV GLVWDQFH IURP WKH VXUIDFH DQG WKH
VLQJOH QR]]JOH SRVLWLRQ $00 WKUHH ZRUNVSDFHV ZLWK WK
WR IROORZ VKRZQ VFKHPDWLFDOO\ RQ )LIXUHV DQG |
ZRUNVSDFH UHVSHFWLYHO\ DUH ' PRGHOOHG EDVHG RQ WKH
1IDYRQ > @



7EOH 3DWK 3RLQWYV &R RUGLQDWHYV IRU 6PDOO
3DWK 3RLQWVY &R RUGLQDWHYV IRU 6PDOO :RUNVSDFH

3RLQW \ e 3RLQW \ e

W W W W W w w w w
W W W W W W W W w

305

/IREDWLRQ 3
Rl 03,5

J)LIXUH 6PDOO :RUNVSDFH ORGHO



7TDEOH 3DWK 3RLOQWY &R RUGLQDWHY IRU OHGLXP :RUN
3DWK 3RLQWV &R RUGLQDWHYV IRU OHGLXP :RUNVSDFH

3RLQW < ] 3RLQW \ ]

W W W W W w W w w
W W W W W w w w w

8/

J)LIXUH OHGLXP :RUNVSDFH ORGHO

igo



7TDEOH 3DWK 3RLQWY &R RUGLQDWHYV IRU /DUJH :RUNYV
3DWK 3RLQWV &R RUGLQDWHYV IRU /DUJH :RUNVSDFH

3RLQW < 3RLQW \ ]

W W W W W w W w w
W W W W W w w w w

JLIXUH /IDUJH :RUNVSDFH ORGHO

&RPSDUDWLYH WULDOV DUH FDUULHG RXW LQ WKH VDPH JH
VLIH QXPEHU RI JHQHUDWLRQV DQG YDOXHV RI JHQHWLF RSHU
VLQIJXODULW\ DYRLGDQFH DUH DOVR HPSOR\HG WKURXJKRXW
L &RPSDULVRQ EHWZHHQ VSKHULFDO DQG DUWLFXODWHG F
20LJLQDOO\ WKH VHOHFWLRQ EHWZHHQ WKH 555 DQG 553 D(
VSDWLDO SHUIRUPDQFH RI WKH FRQILIXUDWLRQV DQG WLPH UH



WDVRKH H[WHQW RI ZRUN WKDW FRXOG EH FRPSOHWHG FRQVLC
HQFORVHG VSDFH FRQVWUDLQWY LV WUDQVODWHG LQWR ERXC
DQG SXUSRVHIXOO\ SODFHG SRLQWV DORQJ WKH SDWKV WR [
$SSO\LQJ WKH VDPH FRQGLWLRQV LQ WKH ILUVW VWDJH RI *
&KDSWHU IRU ERWK FRQILIJXUDWLRQV WKH FOHDUO\ KLJKF
DUWLFXODWHG FRQILIXUDWLRQ 555 7KH ILUVW VWDJH PHE
EHWZHHQ WKH SRVLWLRQ RI WKH HQG HIIHFWRU UHVXOWHG IL
DQG WKH ORFDWLRQ RI WKH SDWK SRLQWV IURP WDVN DQDO\V
LL 5HDFK IRU 555

7KH FRQVWUDLQHG FRQGLWLRQV DUH VHW WKUHH IROG VPDO
ZLWK UHOHYDQW FROOLVLRQ HQYHORSH FR RUGLQDWHYV DQG -
UHDFK OHQJWKV DV IRU 03,5 DUH WHVWHG LQ DOO WKUHH F
SHUIRUPDQFH YDOXHV IRU HDFK VL]H Rl WKH ZRUNVSDFH DUH
WR VKRZ WKH JHQHUDO HIILFLHQF\ Rl RSHUDWLRQV $V D ILQC
DUH DGGHG WRJHWKHU IURP DOO WKUHH WULDOV IRU UHDFK 7
WKURXJK FDUHIXO SRVLWLRQLQJ RI WKH SDWK SRLQWV LQFOX
WKH PRVW HIILFLHQW LQ DOO WHVWHG HQYLURQPHQWYV

LLL 9HORFLWLHY DQG DFFHOHUDWLRQV RI DFWXDWRUYV

W EHFRPHV UHODWLYHO\ VWUDLJKWIRUZDUG WR WUDQVIHU W
LQWR *$ PRGHO ODVRQU\ DFWLYLW\ FRPSULVHV D QXPEHU RI
DQG LV LPLWDWHG E\ WKH ORFDWLRQ Rl SDWK SRLQWYV RQ WKE
LQ )LIXUH KHUH DSSUR] P 7KH GLVWDQFH EHWZHHQ Wk
LV DVVXPHG WR EH [ PP DQG WKHUH LV RQH ORFDWLRQ
LPDJLQDU\ EULFNV DUH SLFNHG 6R WKH URERW V WRRO PR
7DUJB%5,&. )LIXUH DQG HYHU\ SRLQW RQ WKH ZDOO 7Kt}
>P K@ FDQ EH FRPSXWHG 6HH 7DEOH IRU LQSXW GDWD DQC
DUH LQSXW DW WKH H[DFW YDOXHV DV LQ 1DYRQ DQG :DUV]DZ\
LQFOXGHG LQ $SSHQGL[ *



JLIXUH RUNVSDFH ORGHO IRU BURGXFWLYLW\ 9HULIL

6XPPDU\ RI 9HULILFDWLRQ 3URFHGXUH XVLQJ 03,5
L &RPSDULVRQ EHWZHHQ VSKHULFDO DQG DUWLFXODWHG
7KH ILWQHVY SHUIRUPDQFH DQG VFRUH IRU ERWK FRQILIJIXUDMW
RI WKH 555 FRQILIJXUDWLRQ IRU WKH VDPH ZRUNLQJ HQYLUF
VHH )LIJXUH
LL SHDFK IRU 555
$vV FDQ EH VHHQ IURP WKH )LIXUH WKH ORQJHVW UHDFK
VSDFHVY FROOLVLRQ DQG TXLWH WKH RSSRVLWH WKH VKRUW
LQ WKH ODUJH VSDFHV WRR PDQ\ ZRUNVWDWLRQV DV VHHQ
7KH PHGLXP VL]H ZRUNVSDFH LV DOVR WHVWHG IRU DOO D

WKH EHVW SHUIRUPDQFH DV P P DQG P )LIJXUH 6 R
WKH RYHUDOO FRPSDUDWLYH FKHFN DQG DQDO\WHG VHSDUDW
E\ WKH URERWY{V YHUVLRQ ZLWK WRWDO UHDFK RI LQ WK

QRW RQO\ FRPSDUDWLYHO\ IRU DOO WKH RWKHU ZRUNYV S
IURP SXUHO\ QXPHULFDO YDOXH RI WKH ILWQHVYV IXQFWLRQ



9HORFLWLHY DQG DFFHOHUDWLRQV RI DFWXDWRUYV
7KH SURILOH RI WKH JUDSK IURP )LJXUH LQ 1IDYRQTYV SDSHU
FRS\ RI WKH JUDSK UHVHPEOHV WKH VKDSH RI WKH JUDSK LQ
DVI\PSWRWLF EHKDYLRXU RI WKH SURGXFWLYLW\ DJDLQVW UDL
DOVR EHFRPHV DSSDUHQW ZKHQ FRQVLGHULQJ UHVXOWV D]
YHORFLWLHY DQG DFFHOHUDWLRQ YDOXHV 7KH SURGXFWLYLW
JHRPHWULFDO GHWDLOV RI WKH DFWLYLW\ LQ 1DYRQ DQG :DUYV\
ORFDWLRQ RI WKH URERW WKH GHWDLOV RI WKH PRYHPHQW
ORFDWLRQ IRU SLFNLQJ XS EULFNV FRXOG QRW EHHQ FRQILUP

VXSSRUWHG



7DeH SURGXFWLYLW\ IRU $OWHUQ DPWIHDH 10 HORWHLIAXY BWRI LR IE
7ULDO 9HORFLW\ >GH3NRHOHUDWLRQRGXFWLYZRWDOOHULILFDWLRQ
1XPEHU DFFRUGLQJ WRHFHOHUDWLRQ>P KU@ 7LPH IRBURGXFWLYLW\

1IDYRQ DQG >GHJ V@ DFFRUGLQJSWWLYLWRVLQJ *$
: DUV]DZVNL DFFRUGLQJ WRDYRQ DQGQ )LIXUH>P KU@
> @ 1IDYRQ DQG :DUVIDZVNL G
9HORFLWLHV:DQV]DZVNL > @ @ XVLQJ
FRQYHUWHG L@W®RXHV LQ DUH *$ >V@
>DG V@ >UDG V @
3URGXFWLYLW\ YV -RLQW 9HORFLW\ $FF 'HF v

BURGXFWLYLW\ YV -RLQW 9HORFLW\ &RQVWDQW $FF 'HF
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J)LIXUH $FFXPXODWHG 3HUIRUPDQFH RI 03,5 IRU 9DULHW\ RI

6L]JH :RUNVSDFHYV



BURGXFWLYLW\ >P K@

3URGXFWLYLW\ >P K@
3UBXFWLYLW\ >P K@
9HORFLW\ >UDG V@
JLIXUH SURGXFWLYLW\ RI 03,5 ZLWK P SHDFK IRU 9DU\LQJ

$v FDQ EH VHHQ DERYH WKH URERW V FRQILIXUDWLRQ DQG
DFWXDWRU V YHORFLWLHV ZKHQ *$ RSWLPLVHG SURYLGHYV
RSWLPLVDWLRQ XVLQJ WKH RULJLQDO FRPSXWHU VLPXODWLRC
> @ 7KH SDUDPHWHUV WKH RULJLQDO 03,5 DQG *$ PRGHOOH
FRQILUP WKH VDPH EHKDYLRXUDO WHQGHQFLHV DQG ILQD!
FRQILJIXUDWLRQ LV D VL[ '2) DUWLFXODWHG URERW ZKLFK
$GGLWLRQDOO\ LW LV IRXQG WKDW WKH RSWLPDO UDQJH RI C
URERW ZLWK D UHDFK RI P LV GHJV EDVHG RQ WKH D
PDVRQU\ DFWLYLW\ 7KHUHIRUH LW LV DVVXPHG WKDW VXIILF
WKH *$ PHWKRG SURGXFHV DQ RSWLPDO VROXWLRQ KHQFH D
*$ DOJRULWKP PD\ RSWLPLVH ZLOO DOVR DUULYH DW RSWLPD:
RI WKH RSWLPLVDWLRQ DSSURDFK LV EDVHG RQ WKLV ILQGLQJ

6 XPPDU\

7KLV FKDSWHU KDV YHULILHG WKDW WKH RSWLPLVDWLRQ F
UHVWRUDWLRQ URERW DQG WKH *$ DSSOLFDWLRQ DV DQ RSW
WKH DOWHUQDWLYH FDVH VWXG\ URERW DQG \LHOG UHVXOW
REWDLQHG XVLQJ DOWHUQDWLYH RSWLPLVDWLRQ PHWKRGV D
IURP THFKQLRQ KDV EHHQ VHOHFWHG DV WKH YHULILFDWLRQ |
DQRQG ZHOO SXEOLFLVHG GHVFULSWLRQ RI WKH SURFHVY DQG R
Rl1 03,5 V KDV EHHQ PRGHOOHG DQG WKH SHUFHQWDJH RI FRYH
ZHUH DGGUHVVHG IRU WKUHH GLITHUHQW VL]H ZRUNVSDFHV
RSWLPDO SHUIRUPDQFH ZDV REWDLQHG IRU PHGLXP VL]H DQG
RI ZRUNVWDWLRQV ZLWKLQ WKH ZRUNVSDFH 7KH YHORFLWLH'



YODOOXHV ZHUH LQSXW DOVR VKRZHG VLPLODU UHODWLYH EHKDY
2QFH YHULILFDWLRQ KDV EHHQ FDUULHG RXW LW EHFDPF
DSSOLHG WR WKH WDUJHW FDVH VWXG\ UHVWRUDWLRQ URER
XVHIXO UHVXOWYV
7TKHUHIRUH WKH IROORZLQJ FKDSWHU LPSOHPHQWYV WKH &
FDVH VWXG\ XVLQJ *$ WHFKQLTXH DQG UHIOHFWYV XSRQ WKH R>

rifior



&KDSWHU *$ SIJRULWESEHPHQW DVWVRILIRIED V HBW X G\

 QWURGXFWLRQ

,Q WKH SUHYLRXV FKDSWHU WKH DXWKRU KDV DSSOLHG WHK
FRPSXWDWLRQV GHYHORSHG LQ &KDSWHUV DQG WR WKH Z
FROQVWUXFWLRQ URERW 03,5 IURP 7THFKQLRQ LQ RUGHU WR FF
RWKHU RSWLPLVDWLRQ PHWKRGY 7KH RSWLPLVDWLRQ RI NLQ
*$ FRQILUPHG WKH UHVXOWY DQG LQGLFDWHG WKDW WKH *$ D
RSWLPDO RU QHDU RSWLPDO UHVXOWY 7KHUHIRUH LW PD\ E
FDVH VWXG\ IRU WKH VWHHO EULGJH UHVWRUDWLRQ WR JHQ
NLQHPDWLF SDUDPHWHUV IRU WKH JLYHQ WDVNV DV GHVFULE

7KLV FKDSWHU FRYHUV WKH SHUIRUPDQFH RI WKH SUHYLR
RSWLPLVLQJ WKH NLQHPDWLF SDUDPHWHUV RI WKH URERW XV
DVVHPEOHG LQ &KDSWHU 2QH RI WKH EULGJHV ZRUNFHOO'
JLYHQ LQ 7DEOH DQG VKRZQ LQ )LJIJXUH LV VHOHFWHG 7
RI WKH UHTXLUHG ORFDWLRQV RI WKH HQG HIITHFWRU 7KH WRR
QR]]JOH DQG ORFDWLRQV RI WKH SDWKV UHIOHFW WKLV WRRO
DQG WZR PDMRU FRQILIXUDWLRQV DUH WULHG IRU VXSHULR
SDUDPHWHUV RSWLPLVHG IRU WKH VDPH WDVN 7KH UHVXOW\
FKDUWY VKRZLQJ WKH EHKDYLRXU RI WKH ILWQHVY WKURXJ!I
DVVHPEOLQJ GHWDLOHG YDOXHV RI WKH SDUDPHWHUYV

'"HVLIJQLQJ D NLQHPDWLFDOO\ RSWLPLVHG URERW IRU D JLY
WHFKQLTXHY WDNHV D ORW RI FRPSXWLQJ WLPH $V WKH DVVE
JHQHUDWLRQV SRSXODWLRQ VLIH DQG YDOXHV RI WKH RWKH
DQG DGMXVWHG RQ OLQH VHYHUDO WULDO UXQV DUH QHHGFH
*$ ZDV UHTXLUHG LQ RUGHU WR PDNH WKH ZKROH DSSURDFK
PLFUR *$ VLIJQLILFDQWO\ UHGXFHV UXQQLQJ WLPH DQG PDNHYV
DOVR LPSURYHV WKH SHUIRUPDQFH DQG WKHUHIRUH DUH L
DOWHUQDWLYH VHOHFWLRQ PHWKRGV DUH DOVR LQYHVWLJDW
IRUP RI JUDSKV ILJXUHV DQG FKDUWY 7KHQ DQDO\VHV RI \
ILWQHVYV IXQFWLRQ LQ WHUPV RI WKH RSWLPDO ERXQGDULHYV
RXWFRPH RQ WKH DUP V VFKHPDWLF UHSUHVHQWDWLRQ RI WK
7KHVH UHVXOWY DUH WKHQ LQSXW LQWR *5%$63 LQ RUGHU WR |
RXWFRPH 7KH ILWWLQJ RI WKH PHWKRG LQWR WKH (" SURFHVYV



ZWKLQ WKH SURFHVV HVWDEOLVKHG 7KH RSWLPLVDWLRQ UHYV
SHUIRUPDQFH DUH DVVHPEOHG DV WKH ILQDO DQG RULJLQDO I

6ROXWLRQ $OJRULWKP

*HQHWLF $OJRULWKP LV D YHU\ DFFHVVLEOH RSWLPLVDWLR(
HDV\ WR DVVHVV HYHQ DW HDUO\ VWDJHV DQG LQ GLIIHUHQW
> @ ZKHQ VHDUFKLQJ ODUJH ILQLWH VSDFHV FRQYHUJHQ
SHUIRUPDQFH PHDVXUH DV WKHUH LV DOZD\V D GDQJHU WKDW
EXW D ORFDO RQH 7R DYRLG WKH VHDUFK DOJRULWKP EHLQJ
YDULRXV PHWKRGV DUH DYDLODEOH VXFK DV L LPSURY|
PHFKDQLVPYV LL REVHUYLQJ WKH VSHHG ZLWK ZKLFK WKH
DQDO\WLQJ WKH HIILFLHQF\ RI WKH ILWQHVY IXQFWLRQ ZLWK Z|
LY WKH DQDO\WVLV RI WKH TXDOLW\ RI WKH RSWLPXP VROXWLR

$vV WKH SUREOHP XQGHU LQYHVWLJIJDWLRQ LV FRPSOH[ DQ
VSDFHVY DQ DSSURDFK RI PRQLWRULQJ WKH SHUIRUPDQFH W
FXUUHQW RSWLPD LV DGRSWHG )JURP WKH W\SLFDO IRUP RI W

@ LW LV HYLGHQW WKDW PDMRU LPSURYHPHQWY WHQG WR
VHDUFKLQJ $ PD[LPXP QXPEHU RI LWHUDWLRQV PXVW EH FKR\
LV WRR DPELWLRXV 7KH TXDOLW\ RI WKH VROXWLRQ FDQ EH LT
LV XS WR WKH GHVLJQHU WR GHFLGH KRZ ORQJ WR ZDLW $I1Wl
LQLWLDO JHQHUDWLRQV DQG REVHUYLQJ WKH EHKDYLRXU
DSSDUHQW WKDW QR VLIJQLILFDQW LPSURYHPHQWY KDSSHQ E
J)LIXUH IRU DOPRVW D WKRXVDQG PRUH JHQHUDWLRQV
QHHGVY WR EH UH HYDOXDWHG ZLWK HYHU\ QHZ HYDOXDWLRQ
ZKLFK RFFXUV KHUH EH\RQG WK JHQHUDWLRQYV PD\ EH
DVVXPSWLRQ WKDW WKH UHVXOW DW WK JHQHUDWLRQV LV |
WR \LHOG TXLFN DQG UHOLDEOH UHVXOWY +RZHYHU EHIRUH
SODFH WKH YDOXHV RI WKH SDUDPHWHUV DW WK JHQHUDWL
REWDLQHG DW WKH WK JHQHUDWLRQ $V WKH ERXQGDULHYV
UHPDLQ WKH VDPH DQG WKH LPSURYHPHQW RI WKH ILWQHVV P
RI WKH SDUDPHWHUV ZLWKLQ WKH ERXQGDULHV



JLIXUH 555 DQG 553 3HUIRUPDQFH IRU *HQHUDWLRQV IR

7TKH FRPSXWDWLRQV UHSRUWHG LQ WKLV FKDSWHU DUH
JHQHUDWLRQY 7KH HDUOLHU GHEDWH DERXW WKH FXW RIlI OH
DQRQG WKH SURILOH RI WKH HYROXWLRQ FXUYH LV DVVXPHG WR I
RSWLPLVDWLRQ EHFRPHV PRUH FRPSOH[ &RPSOH[LW\ PD\ E
HODERUDWH WDVN PDQ\ PXOWL ORFDWLRQ SDWKV RU FRPSO
REWDLQLQJ UHVXOWY LQ UHDOLVWLF FRPSXWLQJ WLPH LV RI H

7KH pEHVW ILWQHVVY RQ WKH YHUWLFDO D[LV )LJXUH V
WKH SHUIRUPDQFH HYDOXDWLRQ RI HDFK JHQHUDWLRQ (DFK S
IRU WKH FRPELQDWLRQ RI DOO WKH YDULDEOHV RI WKH JL
FRPSXWDWLRQV UHVWULFWV WKH VLPSOLFLW\ DQG HIILFLHQF\
7TKHUHIRUH IXUWKHU VWXG\ LV FDUULHG RXW LQWR WKH P!
SRSXODWLRQ DQG QLFKLQJ ZKLFK QRW RQO\ LPSURYHV WKH St
UHGXFHV WKH FRPSXWLQJ UHTXLUHPHQWYV

7TDVN GHVFULSWLRQ DV LOWURGXFHG LQ &KDSWHU LQYRC
WKH FROOLVLRQ HQYHORSH RQ WKH FKRVHQ VWUXFWXUH DQG (
HITHFWRU 7KH DSSURDFK WR WKH XQGHUVLGH RI HYHU\ EULG
WKHUHIRUH D EULGJH GHWDLO $ IURP 7DEOH LV VHOHFWHG
RI WKUHH SRLQWYV DUH ORFDWHG LQ D PDQQHU UHSUHVHQWLC



SHULPHWHU RI WKH

J)LIXUH *UDSKLFDO 7DVN '"HVFULSWLRQ

(QKDQFHPHQW 7HFKQLTXHV
'XH WR WKH H[WHQVLYH FRPSXWDWLRQ WLPH D QXPEHU R
SURFHGXUHV KDYH EHHQ ORRNHG LQWR IRU XVH LQ D JHQHW

YDULHV IURP HIWUHPH WR PDUJLQDO >*ROGEHUJ @ 7KH D
RI WKHP FRXOG HQRUPRXVO\ HQKDQFH WKH SHUIRUPDQFH DQ
VR ERWK QLFKLQJ DQG PLFUR *$ >+DXSW DQG +DXSW @ DU
WKH VHDUFK

I1LFKLQJ

1LFKLQJ PHWKRGVY SURPRWH WKH IRUPDWLRQ DQG PDLC(
SRSXODWLRQV LQ *$ DQG DOORZ WKH *$ WR EHWWHU FRSH ZL
SRSXODWLRQV RI VWULQJV VSHFLHV VHUYH GLIIHUHQW VXE
FUHDWLQJ QLFKH OLNH DQG VSHFLHY OLNH EHKDYLRXU FDQ |
JHQHWLF VHDUFK 7KH UHDVRQ IRU WKLV LV WR GLVFRXUDJH
KLIKHVW SHDN ZLWKRXW GLIITHUHQWLDO DGYDQWDJH DQG ZL
RWKHU UHJLRQV RI VSDFH ,Q RWKHU ZRUGV PHWKRGV VKRX!
I[UXLWIXO PDWLQJ SDWWHUQV O6HYHUDO PHWKRGV KDYH EHFE
QLFKH IRUPDWLRQ LQ JHQHWLF DOJRULWKPV VXFK DV SDUDO
PDLQWDLQHG ZLWKLQ D VLQJOH SRSXODWLRQ ZLWK FURZG
>*ROGEHUJ DQG S5LFKDUGVRQ @ VHIXHQWLDO QLFKLQJ D



FDDHIXO FRQVLGHUDWLRQ >0DKIRXQG @ WKH SDUDOOHO Q
WKH RULJLQDO DOJRULWKP LQ RUGHU WR LPSURYH WKH SHUIF
FRQFHSWXDOO\ IRUP DQG PDLQWDLQ QLFKHVY VLPXOWDQHRXYV
BHTXHQWLDO QLFKLQJ PHWKRGVY RQ WKH RWKHU KDQG ORFDW

,Q QDWXUDO VHWWLQJV VKDULQJ RFFXUV WKURXJK FURZGL
EHFRPHV IX00 Rl FHUWDLQ RUJDQLVPV DQG LQGLYLGXDOV KD
,Q DUWLILFLDO JHQHWLF VHDUFK VKDULQJ GH UDWHV HDFK S
DPRXQW UHODWHG WR WKH QXPEHU RI VLPLODU LQGLYLGXDC
GHILQHV D VKDULQJ IXQFWLRQ WULDQJXODU VSHFLI\LQJ WK!
VKDULQJ IRU HDFK VWULQJ LQ WKH SRSXODWLRQ VHWWLQJ X
VKDULQJ VFKHPH )RU D JLYHQ LQGLYLGXDO WKH GHJUHH R
VXPPLQJ WKH VKDULQJ IXQFWLRQ YDOXHV FRQWULEXWHG E\ D
6WULQJVY FORVH WR DQ LQGLYLGXDO UHTXLUH D KLJK GHJUHH
WKH LQGLYLGXDO UHTXLUH D YHU\ VPDOO GHJUHH RI VKDULQJ
RI VKDUHV DQ LQGLYLGXDOYV GH UDWHG ILWQHVV LV FDOF
XQVKDUHG ILWQHVV DQG GLYLGHG E\ WKH DFFXPXODWHG QXP
XQFRQWUROOHG JURZWK RI SDUWLFXODU VSHFLHV ZLWKLQ D S
RSWLPD DUH RFFXSLHG E\ D QXPEHU RI LQGLYLGXDOV SURSRU\

&RQYHQWLRQDO ILWQHVV VKDULQJ WHFKQLTXHV >'HE DQG
VKRZQ WR EH TXLWH HIIHFWLYH LQ SUHYHQWLQJ JHQHWLF
RSWLPLVDWLRQ WKHUHIRUH WKH EDVLF *$ DOJRULWKP LV LP
WKURXJK VKDULQJ VFKHPH ZLWK D WULDQJXODU VKDULQJ IXQF

OLFUR *$

I WKH IXQFWLRQV IRU RSWLPLVDWLRQ DUH ZHOO GHILQHG L
WLPH LW WDNHV IRU *$ WR UHDFK WKH RSWLPXP WKHQ WKF
IXQFWLRQV DQG VLPSOH *$ LV XVHG 2Q WKH RWKHU KDQG W
WKH RSWLPLVHG IXQFWLRQV HYROYH DW D UDWH IDVWHU WKI
PDNLQJ WKH DSSOLFDWLRQ DQG SHUIRUPDQFH RI 6*$ QRW
LQYHVWLIJDWLRQ E\ *ROGEHUJ > E@ VKRZV WKDW IRU VHULDC
*$ WKH RSWLPDO SRSXODWLRQ FKRLFH LV VPDOO &OHDUO\
VLIH DQG OHWWLQJ WKHP FRQYHUJH LV QRW YHU\ XVHIXO (
SURFHVVLQJ DQG HDUO\ FRQYHUJHQFH WR QRQ RSWLPDO UHV.
IRUZDUG >*ROGEHUJ E@ LQ ZKLFK VPDOO SRSXODWLRQ
LPSOHPHQWHG .ULVKQDNXPDU > @ IRXQG WKDW D PLFUJ
FRQYHUJHQFH DQG GHPRQVWUDWHG IDVWHU FRQYHUJHQFH WR
6*$ IRU WKH PXOWL PRGDO SUREOHPV KH VWXGLHG 7KH SURF



SRSODWLRQ VL]H DV KHUH 1 LL UDQGRPO\ JHQHUDWH VP
JHQHWLF RSHUDWLRQV XQWLO QRPLQDO FRQYHUJHQFH LY
WUDQVIHUULQJ WKH EHVW LQGLYLGXDOV RI WKH FRQYHUJHG
RQH JRRG VWULQJ IURP SUHYLRXV VHDUFK HOLWLVW VWU
UHPDLQLQJ LQGLYLGXDOV EDVHG RQ D GHWHUPLQLVWLF WR>
SHUIRUP JHQHWLF RSHUDWLRQV ZLWK FURVVRYHU UDWH IRU
DQG PXWDWLRQ WR DYRLG PRUH GLYHUVLW\ YL FKHEN
DOWHUQDWLYH WHUPLQDWLRQ FRQGLWLRQV DQG YLL JR EDF
SRSXODWLRQ LV SXUHO\ HPSLULFDO DJDLQVW WKH WUDGLWL
LQGLYLGXDOV 7KH WHUPLQDWLRQ FRQGLWLRQV DUH VHW DV

FRQYHUJHQFH IRU 6WDJH 7ZR GXH WR WKH VL]H Rl WKH SF
ORVV RI WLPH EHWZHHQ DQG 3UHGLFWDEO\ WKH
VXEVWDQWLDOO\ UHGXFHV FRPSXWLQJ WLPH DQG DOORZV HC
GHYHORSPHQWY WKURXJK JHQHUDWLRQYV

S5SHVXOWY RI WKH 2SWLPLVDWLRQ

&RPPHQWDU\ RQ WKH )LUVW 6WDJH 3HUIRUPDQFH

ORQLWRULQJ WKH RXWSXW WKURXJK WKH GLVWULEXWLRQ
LQIRUPDWLRQ DERXW WKH VSHHG DQG FRQYHUJHQFH SURILOI
$VVHVVPHQW RI WKH EHVW LQGLYLGXDOV SURYHV WR EH D EH
WKDW HYHQ WLQ\ LPSURYHPHQWY LQ WKH UHSUHVHQWDWLR
VLIQLILFDQW FKDQJHV LQ WKH YDOXHV RI WKH SDUDPHWHUYV
LPSURYHPHQW LQ WKH EHVW ILWQHVV YDOXH PD\ QRW QHI
ERXQGDULHYV RI WKH SDUDPHWHUV $0OVR LQWURGXFLQJ VWDC
DGGLWLRQDO LQIRUPDWLRQ DERXW WKH TXDOLW\ RI WKH VROX
ILWQHVYV LV DFFRPSDQLHG E\ DQ LQFUHDVH LQ VWDQGDUG
GLVWDQFHY EHWZHHQ WRRO SRVLWLRQV DQG D SUH GHWHUPL
VWXG\ FRQILUPLQJ WKH TXDOLW\ RI WKH EHVW UHSUHVHQWDYV
DQDO\WLV RI WKH ZHOO SHUIRUPLQJ LQGLYLGXDOV LQ WKH SR
555 DQG 553 FRQILIXUDWLRQ KDV WR GHWHUPLQH WKH PRUH
WDVN 7KH FDOFXODWLRQV IRU ERWK FRQILIXUDWLRQV UHODW
LQ 555 DQG PD[LPXP YDOXH RI WKH UHDFK SDUDPHWHU LQ 55
MRLQWY KDYLQJ WKH VDPH PRYHPHQW VHFWRU UDQJHV ZRUI
7TKHUHIRUH LW LV UDWLRQDO WR FRPSDUH ERWK SHUIRUPDQFF

7TKH VSKHULFDO FRQILIJXUDWLRQ VKRZV )LJXUH VLI
VXSHULRULW\ WKURXJKRXW DQG WKH LPSURYHPHQW LQ WKH Il



HDOA VWDJH 7KH 553 VKRZV EHWWHU SHUIRUPDQFH DQG WKHU
VXLWDEOH IRU WKH WDVN ,QLWLDO YHULILFDWLRQ XVLQJ
NLQHPDWLFV VKRZV WKDW 553 LV FOHDUO\ WKH EHWWHU FKR
WDVN 7TKHQ WKH OLPLWV RQ WKH UDQJHV RI WKH PRYHP
FRQILIXUDWLRQTYY MRLQW YDULDEOHY DUH LGHQWLILHG 7KLV
WKH SHUFHQWDJH RI PDQXDO LQYROYHPHQW EXW DOVR DVVLYV
RI DFWXDWRUYV +HQFH WKH 553 LV WKH RQH ZKLFK LV DGPL!
H[SODLQHG LQ 6HFWLRQ WKH QXPEHU RI JHQHUDWLRQV
LPSURYHPHQW LQ WKH ILWQHVYV ORJLFDOO\ LV H[SHFWHG HY}!
VWDUWHG 7KH OHYHO RI LPSURYHPHQW YDULHV 7KH ILWQHYV
ZLWK VXFK D ODUJH SUREOHP UDWLRQDO GHFLVLRQ DERXW
HISHQG LQ WU\LQJ WR LPSURYH WKH GHVLJQ DQG SHUIRUPDQF
PDGH RQO\ RQ WKH HFRQRPLF DQG REYLRXV EDVLV

7TDEOH 2SWLPLVHG 3DUDPHWHUV IRU ,QLWLDO 7DVN LQ
3DUDPHWHUV 9DOXHYV %HVW )LWQHVMHUDWLRQEW® QGDUG 'HYLDWLRQ
RHJ DHJ
DHJ DH
SULVPDWLF [ PP

DHJ B JDH

DHIO DHJ
SULVPDWLF [ PP

f RH

DH DHV
SULVPDWLF [ PP

RHJ DH

DH DS
SULVPDWLF [ PP

DH

DHJ DHV
SULVPDWLF [ PP

DH DH

DH DH
SULVPDWLF [ PP

TKFODVW UHSUHVHQWDWLRQ JLYLQJ WKH PD[LPXP ILWQHVV L
YDOXHVY RI DOO WKUHH SDUDPHWHUV RXWOLQHG WR VKRZ WK

rioTn r



MIRQ WV LQ RUGHU WR GHWHUPLQH WKH SHUFHQWDJH RI FR°
DGGLWLRQDOO\ EH XVHG WR GHWHUPLQH WKH FKRLFH RI PR
SXUSRVHV 7KH LQIRUPDWLRQ DVVHPEOHG LQ 7DEOH LV Ju

&RPPHQWDU\ RQ WKH 6HFRQG 6WDJH 3HUIRUPDQFH

$V WKH 553 FRQILIXUDWLRQ ZDV LGHQWLILHG DV PRUH VXI
VWDJH RQH LW LV DGPLWWHG WR WKH VHFRQG VWDJH ZLW
SDUDPHWHUV ITURP WKH ILUVW VWDJH FRPSXWDWLRQV 7DEO
LOQFOXGH RSWLRQ IRU WKH FKRLFH RI WZR ZULVW FRQILJIJXUD
35< WKH PRYHPHQW VHFWRUV RI WKH MRLQWV ZLWKLQ ZUL\
FKRLFH RI WKH DFWXDWRUV DQG WKH JHRPHWU\ RI WKH HQG H

7KH VHFRQG VWDJH UHSUHVHQWDWLRQ XVHV WKH UHGXFH
PRYHPHQW VHFWRUV IRU WKH ILUVW '2) IRXU YDOXHV ZLWKI
WDNHQ IURP WKH ILUVW VWDJH DQG UXQ DOVR IRU JHQHU
SUHYHQWLRQ UHVWULFWLRQV DV LQ WKH ILUVW VWDJH 7KH V
LOQGHSHQGHQW FULWHULD DQG 3DUHWR DSSURDFK LV QRW DSS
SURGXFWLYLW\ GH[WHULW\ SRODULVDWLRQ

$V WKH VL]H RI PLFUR SRSXODWLRQ LV D YHU\ PXFK WULDO
JHQHUDWLRQ UXQ ZDV H[HFXWHG IRU SRSXODWLRQ VL]HV QS
QSRSVL] IRU GH[WHULW\ 7KH UHVXOWY DUH DV VKRZQ LQ 7

7TDEOH 7ULDO 5XQ IRU OLFUR SRSXODWLRQ 6L]H $VVHVVPHC
6WDTH 7ZR
B3RSXODWLRQ 6L]H %HVW )LWQHVV DW OK *HQHUDWLRQ

7TKH WULDO UXQ VKRZV WKDW WKH SRSXODWLRQ VL]H RI
IDFWRUV LQIOXHQFHG WKH GHFLVLRQ RI UXQQLQJ WKH VHFF
SRSXODWLRQ VL]H RI JLUVWO\ WKH DPRXQW RI SDUDPHW
DQG NHHSLQJ WKH VDPH SRSXODWLRQ VL]H FRXOG OHDG
6HFRQGO\ QLFKLQJ FURZGLQJ QHHGHG ELJJHU VDPSOH WR
WKHUHIRUH DOO WKH IXUWKHU WULDOV DUH FDUULHG RXW IR

IXUWKHU FRPPHQWY RQ WKH SRSXODWLRQ VL]H IRU PLFUR *$
7TKHUHIRUH LW LV EHQHILFLDO WR SORW VHSDUDWHO\ WK
GH[WHULW\ DQG SURGXFWLYLW\ VHH )LJXUH DQG )LJIJXUH

r 100 r



DQDOWHKH *$ SHUIRUPDQFH LQVWHDG RI DSSO\LQJ (TQ D (
VHOHFWHG YDOXHV RI ZHLJKWLQJ IDFWRUV $ DQG % 6LP
SHUIRUPDQFH RI WKH EHVW LQGLYLGXDO DW WKH ODVW FRPS

ORWLRQ IRU WKH ODVW PLQRU MRLQWY DIWHU VXSHUSRVL
SURGXFWLYLW\ FULWHULD LV VKRZQ LQ 7DEOH 7KH ZRUN
ZULVW - LV QRW RSWLPLVHG IRU GH[WHULW\ DOWKRXJK Ft
WKH UHOHYDQW ORFDWLRQV LQ WUDQVIRUPDWLRQ PDWUL[ DL
EODVWLQJ QR]]JOH DORQJ LWV ORQJLWXGLQDO D[LV KDV QR E

LQIRUPDWLRQ IURP 7DEOHYV DQG LV JUDSKLFDOO\ LOOX
7TDEOH 2SWLPLVHG -RLQWYV 3DUDPHWHUV IRU ,QLWLDO 7C
:ULVW 535
3DUDPHWHUYV 9DOXHV %HVW )LWQHVVHQHUDWLRQ
1R

"HIWHULWBURGXFWLYLIWWHULW\ BURGXFWLYLW\

UrRoo JDHJB  DHV py DHD
SLWFK DHJ DHV DHJ DH
UROO 1 $ DH DHJ ( (

6HFRQG 6WDJH "HI[WHULW\ LQ 553

I(@U

P« > zr SK
L&k p Tkt e
1XPEHU RI *HQHUDWLRQV

J)LIXUH 6SKHULFDO &RQILIXUDWLRQ 3HUIRUPDQFH IRU

6HFRQG 6WDJH BURGXFWLYLW\ LQ 553

[\-S DK]D.>|4< 1A E%7d(7£<KIIEgr>K

D >K ee K i

1XPEHU RI *HQHUDWLRQV



J)LIXUH 6SKHULFDO &RQILIJIXUDWLRQ 3HUIRUPDQFH IR

TKHGLITHUHQW YDOXHV RI WKH RSWLPLVHG UDQJHV Rl WK
GH[WHULW\ DQG SURGXFWLYLW\ DUH FRQVLGHUHG IXUWKHU
DFFRUGLQJ WR WKH GHVLIJQHU V DGGLWLRQDO NQRZOHGJH
UHODWLRQVKLS DQG SULRULWLHV ,Q WKLV UHVHDUFK WKH
DVVXPHG DV WKH ILQDO RSWLPDO UDQJH 7KH PRVW HFRQRPL
DFFHOHUDWLRQV VKRXOG UHLQIRUFH WKH SUHIHUHQFH IRU W
7TDEOH 7KH\ DUH XVHG WR FDOFXODWH WKH FRVW RI UXQ

7TDEOH 9DOXHV RI 9HORFLWLHY DQG $FFHOHUDWLRQV
-RLOWWORFLW\ HEBIE&®W SULVPPRFIHFOHUDWLRQ >530 @ H[FHSW SULVP

G
"H[WHULW\ BURGXFWLYIHMWHULW\ BURGXFWLYLW\

>PP V@ >PP V@ >PP V @ >PP V @

J)LIXUH 2SWLPDO 5RERW 6HOHFWHG IRU 6SHFLILHG ,QLWL



*$ SBHUIRUPDQFH IRU ([WHQGHG 7DVN

KHQ H[DPLQLQJ WKH WDVN LW EHFDPH DSSDUHQW WKDW W
ORJLFDO IRU VHOHFWHG WRRO DFWLYLW\ RQ D JLYHQ WDVN
SDUDPHWHUV IRU D YHUVDWLOH URERW $V WKH RSWLPLVDWLI
WKH JLYHQ WDVN WKH VHOHFWLRQ RI WDVNV RQ WKH EULG.
ORFDWLRQV IRU WKH URERW WR EH PRUH DGDSWDEOH WR LC
DGGUHVYV WKLV FRQVLGHUDWLRQ DQG IXUWKHU WHVW WKH VHQ
LV bGGHG WR WKH WDVN 7KH SDWK LV DGGHG LQ OLQH RI WK
EDVH RI WKH URERW 2Q WKH FKRVHQ EULGJH ZRUNSLHF
QRW KDYH D SUDFWLFDO XVH DV WKHUH LV QR VWUXFWXUDO H
LV MXVW DGGHG WKHRUHWLFDOO\ LQ RUGHU WR DGMRLQ YHUVI

FRQILIJIXUDWLRQVY DUH WHVWHG RYHU DQ LQLWLDO JHQHUDYV
WR EH VXSHULRU )LJXUH 7KLY RXWFRPH LV SUHGLFWDEOF
E\\ WKH VKDSHV RI WKH ZRUNLQJ HQYHORSHV RI ERWK V¢
FRQILIXUDWLRQV >6SRQJ DQG 9LG\DVDJDU @
JLIXUH 553 DQG 555 3HUIRUPDQFH IRU ([WHQGHG 7DVN LQ
7KH EHKDYLRXU RI WKH ILWQHVV IXQFWLRQ RYHU JHQHU

IRU SURVSHFWLYH XVH RQ WKH FRPSOH[ SUREOHP LQ RUGHL
HYROXWLRQ FXUYH DQG WR GHWHUPLQH DW ZKLFK JHQHUDWL

TXLFN wWuLDOV DUH UHTXLUHG ,W FDQ EH VHHQ LQ 7DEOH V
LV WKH ODVW LPSURYHPHQW EHIRUH WKH ORQJ SDXVH VR FX
DVVXPHG DV WK JHQHUDWLRQ LI UHTXLUHG 7DEOH \

RSWLPLVDWLRQ SURJUHVV



7TEOH SDUDPHWHUV 2SWLPLVDWLRQV IRU ([WHQGHG
3DUDPHWHUV 9DOXHV %HVW )LWQHVWQHUDWLRQ 1R

/LQN SURSRUWLRQ
- DHIO

- DH
DHJ

- DHIO

- DH
DHJ DHJ

- DHV
DHJ DHJ

- DH DHA

- DH

- DH

7TKHVH UHVXOWY VKRZ WKDW LPSURYHPHQW LQ ILWQHVV LV
VKLIWLQJ RI WKH H[WUHPH ERXQGDULHV RI WKH SDUDPHWHU
SDUDPHWHUV FKDQJH DV WKH ILWQHVYV LV LPSURYHG ZKLFK LC
WKH WRRO IRU WKH LOWHUPHGLDWH SRLQWYV

7KH VHFRQG VWDJH FDOFXODWLRQVY DUH DSSURDFKHG LQ
VLPSOLILHG WDVN 7KH FKRLFH RI ZULVWYV DQG WKH RULHQWD
WRRO LV H[SHFWHG WR IDFH GRZQZDUGV VR )LJXUH LV HQK
IRU RULHQWDWLRQ



X =R
1R WLOWLQJ

. <

JUUHOHYDQW DV
URWDWLRQ [R
DURXQG = 2 1= <
=2

SHUPLVVLEOH
7TRRO GRZQ 1R WLOWLQJ ]JH DORQJ '
DQG RSSRVLWH
JLIXUH '"HIWHULW\ ODWUL[ &RPSDWLELOLW\ IRU ([WH

ORWLRQ IRU WKH ODVW PLQRU MRLQWV DIWHU VXSHUSRVL
SURGXFWLYLW\ FULWHULD LV VKRZQ LQ 7DEOH 7KH LQIRU
LV JUDSKLFDOO\ LOOXVWUDWHG LQ )LIXUH

7TDEOH 2SWLPLVHG -RLQWYV 3DUDPHWHUV IRU ([WHQGHG 7I
:ULVW 535
3DUDPHWHUV ODOXHV %HVW )LWQHVVYHQHUDWLRQ
1R
"H[WHULW\ 3URGXFWLYLW{WHULW\  3URGXFWLYLW\

UROO  DH DHJ DHJ DHV

SLWEK DHV DHV DHJ DH

UROO 1% DHJ DHJ ( (

f f



JLIXUH 2SWLPDO 5RERW 6HOHFWHG IRU ([WHQGHG 7DV

7H RSWLPLVHG YDOXHV IRU WKH YHORFLWLHY DQG DFFHOHL
1R IXUWKHU FRPPHQWYVY FDQ EH RIIHUHG DW WKLV VWDJH !
DFFHOHUDWLRQ RXWFRPH DV QR DVVXPSWLRQV ZHUH PDGH L
7KH DSSURDFK WR YHORFLW\ DQG DFFHOHUDWLRQ RSWLPLVD
IXUWKHU LQYHVWLIJDWLRQ ZKLOH G\QDPLFV RI D URERW DUH L

7DEOH 2SWLPDO 9DOXHV RI 9HORFLWLHY DQG $FFHOHUD'
-RLQWV 9HORFLW\ >530@ $FFHOHUDWLRQ >530 @

"H[WHULW\ BURGXFWLYLW\H[WHULW\ BURGXFWLYLW\

(ISHULPHQWYV

2QFH WKH EDVLF FRPSXWDWLRQV DQG UHVXOWYVY DUH REW
DVSHFW UHPDLQV WKH SHUIRUPDQFH RI *$ RQ WKH IRUPXOL
7TKHUHIRUH LQ WKH IROORZLQJ YDULRXV W\SHV FRQWURO SD
DQRG WKH SHUIRUPDQFH DQG RXWFRPH FKHFNHG IRU VLJIJQV RI I
9DU\LQJ &4RQWURO 3DUDPHWHUV
3RSXODWLRQ 6L]H
7TKH SRSXODWLRQ VL]H KDV EHHQ KDOYHG DQG WKHQ GRXEC
REVHUYH WKH WLPH LQFUHDVH WKH EHVW ILWQHVYVY YDOXH E
SDUDPHWHUY YDOXHV DIWHU >*ROGEHUJ E@ 7KH SRSXOI
WHVWHG IRU WKH YDOXH RI WKH EHVW ILWQHVY VLPLODU WR
WR ILQG WKH PRVW HFRQRPLFDO SRSXODWLRQ VL]H IRU IXUWEk
Dv ZHOO DV YDOXHV RI RSWLPLVHG SDUDPHWHUV LV FORVHO\
FRPSXWDWLRQDO WLPH YDULHV PDUJLQDOO\ EXW WKH ILWQ
FKDQJHV DV VKRZQ LQ )LJXUH 7TKH SRSXODWLRQ VL]H RI
VLIH VHOHFWHG 7TKHUHIRUH LW EHFDPH YLWDO WR FKHFN
SDUDPHWHUYV
7KH RSWLPLVDWLRQ WULDO IRU WKH SRSXODWLRQ VL]H GLV¢
IXQFWLRQ DW WKH WK JHQHUDWLRQ UHILQHG WKH PRYHPHQ

r 16ir



DQG HIWHQGHG WKH PRYHPHQW UDQJH RI WKH VHFRQG DQG
7TDEOH

( 2 555

S ( SRSXODWLRQ
f 2 555
6 ( SRSXODWLRQ
3 222(22 . . i / 555
. n i
NS . SRSXODWLRQ

1XPEHU RI *HQHUDWLRQV

JLIXUH 555 3BHUIRUPDQFH IRU ([ WHQGHG 7DVN DQG 9DULHF

6WDJH 2QH

7DEOH 3DUDPHWHUV 2SWLPDO 9DOXHV IRU ([WHQGHG
3RSXODWLRQ 6L]H
3DUDPHWHUYV 9DOXHV YHVW )LWQHVV *HQHU
DWLRQ
1R

SRSVL] SRSVL] SRSVL]SRSVL] SRSVL] SRSVL]
/ILQN
SURSRUWLRQ
- GHJ
- GHJ
- GHJ

7KHHIRUH ZKHQ PLFUR *$ LV LOQOWURGXFHG WKH SRSXOD\
LQYHVWLIJDWHG DV QRW DOZD\V MXVW WKH LQFUHDVH RI Wl
JRU WKH VPDOO SRSXODWLRQ WKH FRQYHUJHQFH LV WRR
EHIRUH WKH QHZ SRSXODWLRQ VWDUWYV DQG IRU WKH ODUJ
WRR ORQJ IRU HQRXJK QHZ SRSXODWLRQV WR EH VHDUFKHG

5DWH DQG 7\SH Rl &URVVRYHU

7KH UDWH RI FURVVRYHU DSSOLHG WKURXJKRXW LV WDI
VRPH SUDFWLWLRQHUV >:X HW DO @ +RZHYHU VHHLQ
.ULVKQDNXPDU > @ IRU H[DPSOH VXJJHVWV WKH FURVVR\)
*$ SHUIRUPDQFH LV REVHUYHG IRU WZR UDWHV RI FURVVRY

[—

rioé



DQG UHODWLYH SHUIRUPDQFH DVVHVVHG $V LW LV REVHUYHC
ILWQHVV IXQFWLRQ YDULHY GUDPDWLFDOO\

J)LIXUH *$ 3BHUIRUPDQFH IRU ,QFUHDVHG &URVVRYHI
7DEOH SDUDPHWHUV 2SWLPLVDWLRQV IRU ([WHQGHG 7DV
R
SBDUDPHWHUYV 9DOXHV %HVW )LWQHVHQHUDWLRQ 1R

/ILQN SURSRUWLRQ

- GHJ
- GHJ
- GHJ

J)LUVW RI DOO WKH DERYH SDUDPHWHU YDOXHV VHUYH D
YDOXHV RI FRQWURO SDUDPHWHUV KDYH WR EH VHOHFWHG
SUDFWLFH DSSURDFK DQG H[SHULHQFH IURP RWKHU SUDFW
UDWH RI FURVVRYHU IHHOV OLNH LW VKRXOG \LHOG EHWWH
SHUIRUPDQFH VWUXFWXUHVY DUH GLVFDUGHG IDVWHU WKD
LPSURYHPHQW

$QRWKHU LQWHUHVWLQJ DVSHFW LV WKH RSWLPDO UDC
FRQILIXUDWLRQ 7KH\ VKRZ ZLGHU UDQJHV RI DOORZHG PRY|
UHVXOWY LQ 7DEOH IXUWKHU FRQILUPY WKDW WKH LPSU
LQ WKH UDQJHV RI WKH SDUDPHWHUY DV ZHOO DV EHWWH
ERXQGDULHYV

&DUUROO > @ IRXQG WKDW XQLIRUP FURVVRYHU >6\VZHL
PRUH DOOHOHV WKDQ D VLQJOH SRLQW FURVVRYHU 2Q WKL
SUHIHUUHG FKRLFH LQ WKH UHVHDUFK +RZHYHU LW ZDV FR(
RU QRW WKHUH LV D VLIQLILFDQW GLIIHUHQFH EHWZHHQ WKI



WKLV DSSOLFDWLRQ %RWK WULDOV DUH DGPLQLVWHUHG W
HIWHQGHG WDVN )LJXUH VKRZV WKDW WKH XQLIRUP
LQLFKH DSSURDFKHVY WKH VXSHULRU VROXWLRQ PRUH
FURVVRYHU FDVH LXQLIUP LQLFKH XS WLOO DSSUR]

LPSURYH DW WKH VDPH UDWH ZLWK WKHLU EHVW ILWQHVYV
WKH\ ERWK UHDFK WKH VLPLODU OHYHO RI RSWLPXP DW W
SURFHVV WHUPLQDWLRQ WKH VLQJOH SRLQW FURVVRYHU V
REVHUYLQJ WKH DFFRPSOLVKPHQW RI ERWK W\SHV LW UHPI
XOWLPDWHO\ EHWWHU RXWFRPH $V IRU WKH DOOHOH SRRO
DQ DYHUDJH WKHUHIRUH QHLWKHU FURVVRYHU VFKHPH DSS
SUHVHUYDWLRQ IRU WKLV SUREOHP $V IRU SDUDPHWHUV Y
WKH UDQJHYVY VHHP WR EH VKLIWHG DW WKH PRPHQW RI FXUU

J)LIXUH *$ BHUIRUPDQFH IRU 7ZR &URVVRYHU 7\SHV LQ
7TDEOH SDUDPHWHUV 2SWLPLVDWLRQV IRU ([WHQGHG
&URVVRYHU 7\SHV
SDUDPHWHUYV 9DOXHV %HVW )LWQHVVHQHUDWLRQ
1R

8QLIRUP 6LQJOH 3RL&EILIRUP 6LQJOH 3RLQW
&URVVRYHBURVVRYH&URVVRYHUURVVRYHU
LXQLIUP LXQLIUP

/LQN

SURSRUWLRQ

- DH DHJ DHJ

- DHJ

- DHJ ow DHJ  DHJ



3HUIRUPDQFH ,QIOXHQFH RI &UHHS OXWDWLRQ

&UHHS PXWDWLRQV FDQ EH XVHIXO DV WKH\ FDQ VOLGH J
VROXWLRQ UDWKHU WKDQ MXVW MXPS WRZDUGV LW )LJIXUH
QLFKLQJ FUHHSLQJ FDVH LXQLIUP LQLFKH  £FUHHS L H
QRQ QLFKLQJ QRQ FUHHSLQJ FDVH LXQLIUP LQLFKH £FU
PXWDWLRQV UHPRYHG WKH *$ GLG QRW ILQG WKH VLPLODU C

WK JHQHUDWLRQ EXW VWLOO PDQDJHG WR FDWFK XS ZLW}
WKH DSSUR]J WK JHQHUDWLRQ 6LQFH WKH DGGLWLRQ RI F
RSWLPDO VROXWLRQ PDUJLQDOO\ VRRQHU WKDQ ZLWKRXW W
VOLJKW EHQHILW WR WKH *$ $GGLWLRQDOO\ WKH YDOXH\
LPSURYHPHQW DV LQGLFDWHG LQ 7DEOH

JLIXUH *$ %HKDYLRXU ZLWK DQG ZLWKRXW &UHHS 0>
7TDEOH SDUDPHWHUV 2SWLPLVDWLRQV IRU ([WHQGHG 7D\
&UHHS OXWDWLRQ
3DUDPHWHUYV 9DOXHV %HVW )LWQHVVHQHUDWLRQ
1R

&UHHS 1R FUHHS &UHHS 1R FUHHS
PXWDWLR®PXWDWLRPXWDWLR®XWDWLRQ

/ILQN

SURSRUWLRQ

- DHJ DHJ DHA DHA
_ DHJ BDHV DHJ DHJ
- DH DHJ DHV DHV

(OLWLVP DQG *$ %HKDYLRXU
(OLWLVP IRUFHVY WKH EHVW LQGLYLGXDO WR SDVVHG WR V
VRPHRQH IURP WKH EHVW LQGLYLGXDO V SURJHQ\ RU DQ X



EMVWHU ILWQHVYVY DQG UHSODFHV WKH ZLQQHU "KHQ HOLWL
PXVW GHYHORS WKURXJK JHQHUDWLRQV DQG KRSH WR EH V
EDVLF WRXUQDPHQW VHOHFWLRQ ZLWK HOLWLVP LXQLIRUP
FRPSDUHG ZLWK EDVLF WRXUQDPHQW VHOHFWLRQ ZLWKRX!
LFUHHS LHOLWH LQ )LIJXUH 'KHQ HOLWLVP LV UHPRY
LOQKLELWHG 7KH YDOXH RI EHVW ILWQHVYV ZDV ZHOO EHORZ
JHQHUDWLRQ ZKHQ VHDUFK ZDV WHUPLQDWHG &OHDUO\

DSSOLFDWLRQ

JLIXUH ,QIOXHQFH RI (OLWLVP RQ *$ 3HUIRUPDQFI

7TDEOH SDUDPHWHUV 2SWLPLVDWLRQV IRU ([WHQGHG 7C

ZLWKRXW (OLWLVP

SDUDPHWHUYV 9DOXHV %HVW )LWQHVVWHQHUDWLRQ
1R

(OLWLVP 1R HOLWLVPOLWLVP 1R HOLWLVP

/LQN
SURSRUWLRQ
- DHJ DHJ bH B DHJ

- DH DHV DHJ

- DH DHV DH



&RPSXWHU 6LPXODWLRQ *5%$63 5HVXOWYV

7KH UHVXOWY IURP WKH RSWLPLVDWLRQ ZHUH LQSXW LQW
WKH NLQHPDWLF SDUDPHWHUV ZHUH LQSXW LQWR WKH VR
REWDLQHG ZLWK *$ WHFKQLTXH 7KH *5$63 ILOHV FDQ EH IRX
SRLQWY ZHUH LQSXW LQ WKH IRUP RI WUDFNV DQG FROOLVLI
FROOLVLRQ GHWHFWLRQ 7KHQ WKH *UDVS ZDV UXQ IRU ERW
555 DQG ILYH SDWKV 2Q ERWK RFFDVLRQV WKH WUDFNV ZH
VXFK DV HLWKHU FROOLVLRQ GHWHFWHG RU MRLQWYV OLPL
WKDW WKH UHVXOWYV REWDLQHG IURP *$ RSWLPLVDWLRQ ZH!
ZRXOG OLNH WR VWUHVV WKDW *5$63 GLG QRW DGGUHVV W
YDOXHV
(DFK SRVLWLRQ RI WKH DUP GXULQJ UXQQLQJ RI WKH WUD
VHWYVY 553 DQG 555 DUH DVVHPEOHG DW WKH HQG RI WKLV
7KH WUROOH\ DQG WKH SODWIRUP ZHUH UHPRYHG IRL
JUDSKLFDO UHSUHVHQWDWLRQ RI WKH ZRUNVSDFH DQG WKH
J)LIXUH EHORZ



J)LIXUH *UDSKLFDO 5HSUHVHQWDWLRQ RI WKH :RUNSODF

)LQDO &RQILIJXUDWLRQ ORGHOV

1HFHVVDU\ PRGLILFDWLRQV WR URERW OLQN OHQJWKV DQ
HVWDEOLVKHG XVLQJ JHQHWLF EDVHG WHFKQLTXHV )XUWKHU V
D PRELOH SODWIRUP FDUULDJH DQG FRPELQHG ZLWK D PRGXOI
WHVWHG DJDLQVW WKH SUH VHOHFWHG EULGJH JHRPHWU\ 3ULF
RI WKH UHSUHVHQWDWLYH H[DPSOH D JUDSKLFDO GHVFULSWL

SUHVHQWHG )LIXUHYV DQG LQ RUGHU WR IXUWKHU FO
DQRQG WKH URERW
J)LIXUH VKRZV DQ H[DPSOH RI D VHFWLRQ RI D VWHHO

GHFNLQJ XQGHU UHVWRUDWLRQ DQG WKH UHSUHVHQWDWLRQ
SODWIRUP SRVLWLRQHG XQGHU WKH EULGJH 7KH JOREDO SOD
DQG VXSSRUWLQJ WKH URERW LV RPLWWHG IRU FODULW\ )L
HQYLURQPHQW



)LI XU *HQHUDO 9LHZ RI WKH 3URSRVHG 6\VWHP

3RVLWLRQLQJ ZLWKLQ (' DQG ([WHQVLRQV WR 2WKHU

7TKH DSSURDFK LQWURGXFHG LQ &KDSWHUV DQG DQG WH
SRVLWLRQHG WKH PHWKRG ZLWKLQ WKH FRQFHSWXDO SKDVH
HPERGLPHQW SKDVH $W WKH FRPSOHWLRQ Rl WKH FRQFHSWX
FRPELQDWLRQV RI WKH LWHP ZHUH FRQFUHWLVHG DV SULPDU\
EH HYDOXDWHG DQG DVVHVVHG 8VH RI 4)' VHWWLQJ DQDO\VL
JHRPHWU\ H[LVWLQJ DFFHVV V\VWHPV DQG DOORZLQJ IRU X
HQDEOLQJ WHFKQRORJLHYV LGHQWLILHG WKH RYHUDOO GLUHFYV
IRU HYDOXDWLRQ ZKLFK ZDV ZLWKLQ WKH FRQFHSWXDO SDUW
WKH FRPSOHWH FRPSLODWLRQ RI WKH WHFKQR HFRQRPLF VWL
RI WKH NLQHPDWLF SDUDPHWHUV LQLWLDWHG DQG JXLGHG Wt
IHDWXUH RI GHVLJQ DQG LQGLUHFWO\ RI DOO RWKHU SULQFL.
1HZ GHVLJIJQV IUHTXHQWO\ LQYROYH RQO\ FHUWDLQ PRGXOH)
DGMXVWPHQW WR GLIITHUHQW FLUFXPVWDQFHV ZLWKRXW DO
SURGXFHV IOXLG ERXQGDULHYVY EHWZHHQ WKH SKDVHV RI WKH
WKH (" SUREOHP DGGUHVVHG LQ WKLV UHVHDUFK OLHV EHWZ}
DQRG YDULDQW GHVLIQ DQG WKHUHIRUH WKH UHDOLVDWLRQ
HPERGLPHQW GHVLJQ ZDV IRFXVHG DW UHOLDELOLW\ VLPSOLF

&RQFOXVLRQV

,Q FKDSWHUV DQG WKH PHWKRG ZDV HVWDEOLVKHG XVL
*$ DSSOLFDWLRQ DSSURDFK WR RSWLPLVLQJ NLQHPDWLF SDUD
FKDSWHU WHVWHG WKH PHWKRGRORJ\ RQ D FRQVWUXFWLRQ U
HOLPLQDWLRQ DQG FRPSXWHU VLPXODWLRQ 8VLQJ WKH *$ DS
DQG WHQGHQFLHV REVHUYHG ZLWK 03,5 7KHUHIRUH LW EH
PHWKRG WR WKH FDVH VWXG\ RI D VWHHO EULGJH UHVWRUDW
VXUIDFH RIl SDLQW ZLWK EODVWLQJ 7KH SURFHGXUH ZDV VH\
DQG WKH *$ SHUIRUPDQFH DQG EHKDYLRXU LQ UHODWLRQ W
LQLWLDOO\ D WUDGLWLRQDO DSSURDFK WR *$ ZDV DGRSWHG
DQG DQ HIILFLHQW ZD\ Rl REWDLQLQJ UHVXOWV ZDV ORVW
7KHUHIRUH HQKDQFHPHQW PHWKRGV ZHUH UHVHDUFKHG DQG
PLFUR *$ 7KLV PDGH WKH REVHUYDWLRQV PXFK HDVLHU DQG
ZHUH UXQ EDVHG RQ JHQHUDWLRQV DV LW ZDV GHFLGHG W
EHVW PHWKRG Rl WHUPLQDWLQJ WKH VHDUFK DQG WUHDWLQJ "



,Q FDVHV RI ODUJH QXPEHUV RI SDUDPHWHUYVY DQG VHYHUDO F
REVHUYH WKH EHKDYLRXU RI WKH VROXWLRQV WKURXJKRXW JF
VWRS DQG WKHUHIRUH DVVXPH WKH UHVXOW DV RSWLPDO 7
WKH EHKDYLRXU RI WKH EHVW ILWQHVV OHG WR WKH FRQFOXYV

JHQHUDWLRQV FRXOG \LHOG VDWLVIDFWRU\ HQRXJK UHVXO
SUREOHPV WKH DQDO\WLV RI WKH HYROXWLRQ FXUYH RQ D WU
ZLWK WKH LQIRUPDWLRQ ZKHUH WR WHUPLQDWH WKH VHDUFI
REWDLQ QHDU RSWLPDO VROXWLRQ ([SHULPHQWYV FRQILUPHC
FRUUHFWQHVY RI WKH DSSURDFK )RU WKH WDVN SRVLWLRQH
ORFDWLRQ FHQWUDOO\ ZLWKLQ WKH ZRUNLQJ HQYHORSH RI W|
ZDV WKH RQH VHOHFWHG DV VXSHULRU IRU WKH SUH VHW FRQG
DOVR SHUIRUP WKH WDVN EXW LW ZDV IDVWHU DQG PRUH SUF
FRQILIXUDWLRQ LI SRVVLEOH :KHQ DQRWKHU SDWK ZDV DGC
UHJLRQ RI DUWLFXODWHG URERWY EXW RXWVLGH WKH UHDFK
ZDV VHOHFWHG 7KH ERXQGDULHV RI WKH PRWLRQ UHJLRQV RI
WKH JHQHUDWLRQV RI WKH VHDUFK 7KH SUHIHUUHG ZULVW
VHOHFWHG DFFRUGLQJ WR WKH SUHGLFWLRQV 7KHQ WKH *5%
WKH WLPH IRU WKH DFWLYLW\ ZKLFK zZDV WKH UHFLSURFDO |
HQWLUH URERW V SDUDPHWHUV ERXQGDULHV ZHUH WKH VDPH

JXUWKHU H[SHULPHQWY ZHUH UXQ WR WHVW WKH VHQVLWLYL
RI WKH SRSXODWLRQ GLG QRW LPSURYH WKH OHYHO RI WKH IL
WKH SDUDPHWHUYV ,QFUHDVLQJ WKH SUREDELOLW\ RI WKH FUR
DV WRR PXFK GLYHUVLW\ FDXVHV ORVV RI JRRG VFKHPD 7KH
VLQJOH SRLQW FURVVRYHU ERWK UHDFKHG VLPLODU OHYHO R
QHLWKHU FURVVRYHU VFKHPH VKRZHG GLITHUHQW OHYHO RI DC

7KH LQIOXHQFH RI WKH FUHHS PXWDWLRQ ZDV VLJQLILFDQW
SURFHVYVY ZRXOG QHHG PRUH JHQHUDWLRQV WR DUULYH DW V
UHPRYDO RI HOLWLVP LQGLFDWHG *$ SHUIRUPDQFH LQKLELWLR

&XPXODWLYHO\ WKH UHVXOWY DQG DSSOLFDWLRQ FRQILUPH
WKHUHIRUH IXUWKHU H[SDQGHG LQWR GLIIHUHQW ZRUNYVS
PDQLSXODWLRQV DQG OLQN WR RWKHU SKDVHV RI WKH (' DV 1
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J)LIXUH 6HTXHQFH RI 6WHSV RI 7UDFN R1 555 5REF



&KDSWHU &QFOXVLRQV

2YHUYLHZ

5HVWRUDWLRQ LQVSHFWLRQ VXUIDFH SUHSDUDWLRQ DQG
UHPDLQVY D FRVWO\ DQG KD]JDUGRXV DFWLYLW\ +LJK FRVW
HISHQVLYH FRPSOH[ DFFHVV V\VWHPV DQG HQYLURQPHQWDO
ODUJH VFDOH DQG YDULDEOH JHRPHWU\ RI EULGJHV FRPSOLFL
Rl WKH VXUIDFH SUHSDUDWLRQ DFWLYLW\ SROOXWLRQ DQG
ZKLFK DUH W\SLFDO FRQGLWLRQV IRU WKH DXWRPDWLRQ DSSC
UHVHDUFK DQG GHYHORSPHQW SRLQWV WR WKH UHTXLUHPHQW
VIVWHPVY KDYH RQH PDMRU GUDZEDEFN WKH\ DUH QRW DSSOL
GXH WR OLPLWHG YHUVDWLOLW\ 7KHUHIRUH DIWHU VWXG\LQ
DXWRPDWHG GHYLFHV PDUNHW UHTXLUHPHQWY DQG ZLWK VXS
DXWKRU LGHQWLILHG D JDS LQ WKLV NQRZOHGJH

7TKH TXDOLW\ RI WKH GHVLJQ SURFHVV RI WKH HQJLQHHULQ
VXFFHVVIXO LI LW IROORZV FHUWDLQ VHW Rl UXOHV DQG V
HQJLQHHULQJ GHVLJQ SURFHVV ZKLFK WKH DXWKRU DGRSWHG

$IWHU IXUWKHU VWXG\ WKH PRVW SURPLVLQJ RSWLPLVDWL!
$OJRULWKPVY DQG VHOHFWHG IRU XVH PDLQO\ GXH WR LWV DI
VXFFHHG LQ PXOWL SDUDPHWHU DQG PXOWL FRQVWUDLQW RSW
DXWKRU KDV DOVR LGHQWLILHG D QLFKH LQ WKH FRQWLQXDMW
XVLQJ WKH VDPH WRRO DQG DSSURDFK EXW ZLWK GLIITHUHC
LPSRVHG WKURXJK VWDJHV SURYLGH FOHDUHU HYLGHQFH RI
WKHUHIRUH SRVVLEOH DOWHUDWLRQV RU GHWRXUYV

7KLY WKHVLV KDV SUHVHQWHG D QHZ PHWKRGRORJ\ IRU
$OWKRXJK WKHUH DOUHDG\ H[LVWYVY D ODUJH QXPEHU RI GHVL
LQ LWV DELOLW\ WR PRGHO FRPSOH[ VI\IVWHPV WR DXWRPDWLF
SUHVHQW WKH GHVLJQHU ZLWK DQ DUUD\ RI GHVLJQ DOWHUQD
RSWLPXP 7KLV LV GRQH E\ XVLQJ D ELQDU\ UHSUHVHQWDWLR(
DSSO\LQJ *$ WHFKQLTXHY IRU PRGHO PDQLSXODWLRQ DQG RSW

7KH *$ DSSURDFK KDV EHHQ WHVWHG RQ WKH H[LVWLQJ
THFKQLRQ DQG WKHQ XVHG WR DLG WKH VHOHFWLRQ RI WKH |
,Q YHULILFDWLRQ WKH PHWKRGRORJ\ SURYLGHG JRRG FRQILU
ZLWK D YLDEOH VROXWLRQ WR WKH VSHFLILF GHVLJQ SUREOHF
LQGLFDWLYH RI WKH DSSURDFK V DELOLW\ WR VROYH PRUH FRI



Q WKH FRXUVH RI WKH UHVHDUFK FRQWULEXWLRQV LQ WKH

L 7KH DSSOLFDELOLW\ RI WKH VDPH *$ DSSURDFKHV WR
(QJLQHHULQJ 'HVLJQ SURFHVV
LL $ *$ EDVHG WHFKQLTXH IRU WKH VLPXOWDQHRXV RSW
NLQHPDWLF SDUDPHWHUYV
LLL 7KH WDVN EDVHG *$ WHFKQLTXH IRU HYDOXDWLRQ
7KLV ZDV DFKLHYHG WKURXJK WKH IROORZLQJ SKDVHYV
L 7KH HQJLQHHULQJ GHVLJQ SURFHVV ZDV DGRSWHG DV D

QHZ VA\VWHP ILUVWO\ LQ RUGHU QRW WR PLVV DQ\ LPSRL
DQG VHFRQGO\ WR VSDQ WKH GHYHORSHG PHWKRGRORJ\
GHVLIJQ SURFHVV

LL 5HGXFHG 4)' zDV XVHG WR VSHFLI\ WKH FOLHQWYV X\
UHTXLUHPHQWYV

LLL 7KH WDVN zZDV DQDO\WHG WKURXJK WKH UHVHDUFK LC
VWUXFWXUHV ZLWK VIQWKHVLY LQ WKH JUDSKLFDO IRUP F

LY 7KH UHVXOWYV IURP 4)' ZHUH LVRODWHG KLHUDUFKLFDO!

LOWR HQJLQHHULQJ GHVLJQ FULWHULD G6HYHUDO RI WKF
IXUWKHU VLPXOWDQHRXYV XVH LQ WKH RSWLPLVDWLRQ

Y SDUDPHWHUYVY FRQWULEXWLQJ WR IXOILOPHQW RI WKH UH
MXVWLILHG

YL 2QFH WKH PHWKRGRORJ\ ZDV VHW XS WKH PRVW VXLWL
GHYHORSHG DQG DSSOLHG DFFRUGLQJ WR WKH SUH GHYHC

YLL 7TKHQ WKH FRPSXWDWLRQV KDYH IROORZHG DQG D YHUI
DV LQLWLDO FKHFNLQJ SRLQW

YLLL %DVHG RQ WKH VXFFHVVIXO RXWFRPH WKH RSWLPLVH(
VHOHFWHG EULGJH ZRUNVSDFH RXW RI WKH EHQFKPDUN O

L[ 7KH ILQDO YHUVLRQ zZDV ILQDOO\ DSSOLHG WR *5%$63 DQ

DQG SURGXFWLYLW\ IXUWKHU FRQILUPHG

2EMHFWLYHYV (YDOXDWLRQ

7TKH IROORZLQJ FRQFOXVLRQV FRUUHVSRQG WR WKH RUGHU RI
(DFK FRQFOXVLRQ LV SUHFHGHG E\ WKH REMHFWLYH IRU FODU



&ODULI\ DQG DSSO\ WKH HQJLQHHULQJ GHVLJQ SURFHVV WR WK
H[SODLQ WKH SRVLWLRQLQJ RI WKH RSWLPLVDWLRQ PHWKRG
FRUUHODWLRQ EHWZHHQ WKH H[SHFWHG RXWFRPH RI FRQVHF.
DSSOLFDWLRQ LQWHJULW\
y,QYHVWLIJDWLRQ LQWR (" DQG LWV UROH DV D IUDPHZRUN IR
UHIHUUDO WR WKH SURFHGXUHV DQG VWDQGDUG PHWKRGV P
SURFHGXUH ZLWKLQ SDUDPHWULF GHVLJQ VSDQQLQJ WKURXJ
VWDJHV RI GHVLJIQ ZRXOG EH RI YDOXH 7KH ZKROH RI WKH
REMHFWLYH 7KHUHIRUH WKH FRQVHFXWLYH VWDJHV RI WKLV
DQG KHQFH WKH REMHFWLYH FDQ EH FRQVLGHUHG DV WRWDOO

8VH WKH 4)' PHWKRG WR DVVHPEOH D OLVW RI FXVWRPHUVTYT I

UHTXLUHPHQWYV FRPSOHWLQJ EHOQFKPDUNLQJ DQG JHQHU

UHTXLUHPHQWYV
2Q0\ UHGXFHG 4)' zDV DSSOLHG KRZHYHU LW KHOSHG IRFXV |
GHVLIQHUV UHTXLUHPHQWY DQG WUDQVIRUPDWLRQ LQWR HQJ
EH VHHQ LQ 6HFWLRQ $OVR UHVHDUFK SURMHFW OLPLWD
EXGJHW PDGH FRPSOHWLQJ RI WKH FODULILFDWLRQ RI WKH \
$OWKRXJIJK WKH REMHFWLYH IXOILOPHQW LV FRPSOHWH ZLWKLC
LV RQO\ SDUWLDOO\ IXOILOOHG LQ JHQHUDO (" WHUPV

+L &ULWLFDOO\ DQDO\WH WKH LQVSHFWLRQ DQG UHVWRUDWLRQ
EULGJHYV WKURXJK FRPELQLQJ EULGJH JHRPHWU\ ZLWK W K
UHVWRUDWLRQ WHFKQLTXHYV
7KH 1'7 LQ 6HFWLRQ DQRG UHVWRUDWLRQ WRROV DQG SUR
$SSHQGL[ & ZHUH IXOO\ LQYHVWLIJDWHG DQG DVVHVVHG IURP
Rl PDQ\ EULGJH FODVVLILFDWLRQV ZzZDV DVVXPHG DQG D W!
UHSUHVHQWDWLYH EULGJH ZDV FRPELQHG ZLWK WKH WDVN 7k
DV ZHOO DV FKRLFH RI RQH WDVN EODVWLQJ QR]J]JOH ZzZDV WKH
Rl ILIWHHQ PRGHO ZRUNVSDFHV PD\ VHHP OLPLWHG LQ JHQH!
FRQVLGHU RQO\ SDUWLDO IXOILOPHQW RI WKLV FULWHULRQ
VFRSH RI WKH UHVHDUFK

LY 5HYLHZ HI[LVWLQJ HQDEOLQJ WHFKQRORJLHYV IRU SRVVLEO

DXWRPDWHG GHYLFH



$OHRVVLEOH VRXUFHV RI LQIRUPDWLRQ DQG GDWD ZHUH H[KDX
FRPSLODWLRQ RI FRPPHUFLDOO\ DYDLODEOH ZDV DVVHPEOHG
SRVVLEOH DSSOLFDWLRQ LQ WKH SURSRVHG UHVWRUDWLRQ
FRPSOHWHG DQG LV UHSRUWHG LQ &KDSWHU

Y /ILVW DvvHVVY DQG JUDGH WKH FKRLFH RI FULWHULD HPHUJ
UHTXLUHPHQWYV IRU WKH RSWLPDO GHVLJQ RI DQ LQVSHFWLRQ
$QDO\WH DQG HVWDEOLVK GHVLJQ SDUDPHWHUV EDVHG RQ WKH

7KH LQLWLDO DQG FUXFLDO FULWHULD IRU DQ\ URERW V SHUII

DYRLG FROOLVLRQ ZLWK WKH ZRUNVSDFH VLQJXODULW\ DYR

SHUFHQWDJH RI FRYHUDJH DELOLW\ WR UHDFK WKH SDWK SRL

GH[WHULW\ DQG LQ WKH VKRUWHVW WLPH SURGXFWLYLW\ (

EH UH HYDOXDWHG GXH WR QRW LQFOXGLQJ WKH G\QDPLFV RI

$GGLWLRQDOO\ WKH\ KDG WR EH ORJLFDOO\ DQG PDWKHPDYV

SDUDPHWHUYV $ ORW RI RULJLQDO WKRXJKW ZHQW LQWR WKLYV

UHOLHG RQ WKH FKRLFH UHVXOWLQJ IURP WKH UHGXFHG 4)'

REMHFWLYH ZDV IXO0O\ FRPSOHWHG WKH VXEMHFWLYHQHV RI

QR G\QDPLFV LQFOXGHG OHDYHV VRPH XQFHUWDLQW\

YL $QDO\VH DQG DSSO\ *HQHWLF $OJRULWKP *$ DV DQ R
DSSURSULDWH O\ UHSUHVHQWLQJ URERW V SDUDPHWHUYV DQG
HYDOXDWLRQ PHWKRGY EDVHG RQ WKH FULWHULD

7KH UHVHDUFK LQWR WKH *$ IXUWKHU UHLQIRUFHG LWV FKRLI

SUREOHP RI WKH RSWLPLVDWLRQ RI WKH FRQILIXUDWLRQ DQG

UHVWRUDWLRQ URERW 7KH GHYHORSPHQW RI WKH IXQFWLRQ

ZDV D ODERULRXV DQG ULVN\ WDVN DV WKH YHULILFDWLRQ FR

WKH ODWHU VWDJHV ODMRU SDUW RI WKH RULJLQDO PHWKRG

FRQVLGHU WKLV REMHFWLYH DOPRVW DFFRPSOLVKHG DV D VS

DQRG HYDOXDWLRQ ZDV DVVXPHG DQG WKHUH LV QR REMHFWLY

RQH GHYHORSHG LQ WKLY UHVHDUFK LV WKH PRVW HIIHFWLYH

YLL &RPSXWHULVH WKH RSWLPLVDWLRQ SURFHGXUH ZLWK )2575%1
$OWKRXJK WKH UHDG\ PDGH EDVLF )2575$%$1 GULYHU ZDV XVHG
LQWR WKH GHVLJQ RI WKH HYDOXDWLRQ SURFHGXUH ZLWKLQ *
GHYHORSHG PHWKRG Rl RSWLPLVDWLRQ $00 WKH SDUDPHWHU
LQWR IXQFWLRQV 6XEURXWLQH HYDORXW LQ $SSHQGL[ (



RSWLPLVDWLRQ ZHUH UHIOHFWLQJ WKH FULWHULD 7KH RSWLPI
VWDJHVY |IRU FRPSXWDWLRQDO VLPSOLILFDWLRQ DQG HDVH W
LQWHUSUHW UHVXOWY 7KH VRIWZDUH GHYHORSPHQW IXOO0O\ V
RSWLPLVDWLRQ DSSURDFK VR WKH DERYH REMHFWLYH LV FRQ

YLLL 7THVW WKH UHVXOWY RQ WKH YHULILHG FDVH VWXG\ RI DQ DX
RQ WKH VXFFHVV RI WKH YHULILFDWLRQ DSSO\ WKH PHWKRG V
DQG UHVWRUDWLRQ $) DXWRPDWHG IDFLOLW\
7KH YHULILFDWLRQ RQ WKH SUHYLRXVO\ RSWLPLVHG URERW O
\LHOGHG VLPLODU UHVXOWV WR WKRVH REWDLQHG RULJLQD
FRPSXWHU VLPXODWLRQ $V WKH YHULILFDWLRQ VKRZHG WKDW
UHVXOWY LW ZDV DSSOLHG WR WKH SURWRW\SH PRGHO ,W R
WKH ZRUNLQJ UDQJHV RI WKH SDUDPHWHUV 7KHVH DUH PRGI
JXUWKHU WHVWY RQ DOWHUQDWLYH WDVNV FRQILUPHG WKH F
*$ WHFKQLTXHV LQGLFDWHG WKH URXWHYV IRU LPSURYLQJ WKH
ZDV FRPSOHWHO\ IXOILOOHG DQG LV VXSSRUWHG E\ WKH UHVX(

L[ &RQILUP WKH RSWLPLVDWLRQ RXWFRPH XVLQJ URERW VLPXODW
7KH SURWRW\SH DQG WKH ZRUNVSDFH ZHUH PRGHOOHG XVLQ
*5$63 7KH GHVLJQ GLPHQVLRQV DQG WKH RSWLPLVHG UDQJHV
EXLOW LQWR WKH URERW V PRGHO 7TKH ZRUNVSDFH JHRPH
WUDMHFWRULHYVY ZHUH DOVR PRGHOOHG DFFRUGLQJ WR YDOXH’
7KH URERW ZDV DEOH WR H[HFXWH WKH WDVN ZLWKRXW DQ\ F
HI[FHHGLQJ SUH GHWHUPLQHG UDQJHV RI WKH SDUDPHWHUV 7
PHWKRG \LHOGHG UHDOLVWLF UHVXOWY 7KH REMHFWLYH ZI
PRGHOOLQJ DQG SHUIRUPDQFH DVSHFWV 7KH VKRUWFRPLQJ
FRQVLGHUHG RU WDNHQ LQWR DFFRXQW

[ $QWLFLSDWH WKH FRQWLQXDWLRQ WR WKH PHWKRG
7KLV LV DGGUHVVHG LQ GHWDLO LQ 6HFWLRQ RI WKLV FKDS
REMHFWLYH

e

—_
—
-



+\SRWKHVLV 7THVWLQJ

$FKLHYLQJ WKH REMHFWLYHY VHW LQ WKH EHJLQQLQJ RI WK
DGGUHVV WKH K\SRWKHVLVY 7KH PDLQ K\SRWHKHW.VHVYWEWH G L
DQG EHQHILFLDO WR XVH FXVWRPLVHG *HQHWLF $OJRULWKP *$ DV
GHVLJQ SURFHVV DV D WHFKQLTXH IRU JHQHUDWLQJ DQG HYDC
RSWLPLVDWLRQ RI WKH PRVW WDVN VXLWDEOH DXWRPDWHG V\VW
DOWHUQDWLYH GLVFUHWH YDOXHV RI GHVLJQ NLQHPDWLF SDUDPHWH
JLYHQ FRQILIJIXUDWLRQ LL VLPXOWDQHRXV FKDQJHV LQ YDOXHV RI

XQGHU VSHFLILHG FRQGLWLRQV FULWHULD DQG +L PXWXDO LQIOXH

7KLV LV IXUWKHU EURNHQ GRZQ LQWR WKUHH VXE K\SRWKHYV

V. 7KH SURSRVHG PHWKRGRORJ\ IRU VHOHFWLQJ DQG RSWLPLVLQJ
VSDQV RYHU VHYHUDO SKDVHV RI HQJLQHHULQJ GHVLJQ SURFHYV
UHTXLUHV VLQJOH IUDPHZRUN WR FDUU\ WKH RXW WKH GHVLJQ LQMW
$V WKH ZKROH DSSURDFK WR VHOHFWLYH GHVLJQ DQG RSWL
IUDPHZRUN &K LW EHFDPH DSSDUHQW WKDW WKH DSS
H[SDQGHG DQG DSSOLHG WKURXJK RWKHU (' SKDVHV ZKLF
IUDPHZRUN MXVW FKDQJLQJ HYDOXDWLRQ FRQGLWLRQV DS!

$Q LQQRYDWLYH WDVN EDVHG HYDOXDWLRQ ZLWKLQ WKH *$ UHYV X

DwWw WKH VDPH WLPH YHUVDWLOH GHYLFH

,Q GHSWK WDVN DQDO\VLV ZDV DVVHPEOHG IURP WKH RSHU
SUREHVY DQG UHVWRUDWLRQ PHWKRGV DQG WKH DVVHVVPHQ!'
DSSOLFDELOLW\ &K 7KLV ZDV FRPELQHG ZLWK FRQVLGHUDYV
XQLW ZRUNVSDFHV IURP YDULRXV EULGJH W\SHV &K 7KLV
DQG ORFDWLRQ RI WKH HQG HIITHFWRU SRVLWLRQV DQG WKHUF
WUDMHFWRULHV &K

V. 3RVVLELOLWLHV H[LVW WR PDWFK WKH H[LVWLQJ HQDEOLQJ WHFK
WKH RSWLPLVDWLRQ ZKLFK FDQ OHDGV WR DVVHPEO\ RI WKH SUR
$) IURP H[LVWLQJ FRPSRQHQWYV
5HVHDUFK LQWR WKH H[LVWLQJ HQDEOLQJ WHFKQRORJLHYV

DFFHVV VA\VWHPV IRU KD]JDUGRXV DFFHVV VWUXFWXUHV &K

DQG VL[ '2) DUWLFXODWHG PDQLSXODWRUV &K WRIHWKHU



JHRPHWULHYV &K 7KLV VHUYHG DV D VRXUFH IRU FRQVWUDL
DQG zZzbDV ODWHU FRPSDUHG DJDLQVW WKH *$ RSWLPLVDWLRC
IHDVLELOLW\ WR XVH WKH DYDLODEOH V\VWHPYV

$GGLWLRQDO $VSHFWV RI 2XWFRPH $VVHVVPHQW

,Q RUGHU WR DVVHVV WKH SUDFWLFDOLW\ DQG HIIHFWLY
SDUDPHWULF GHVLIJQ RI WKH FRQVWUXFWLRQ URERW WKH
DGGLWLRQDOO\ DGGUHVVHG
L 7R ZKDW GHJUHH ZHUH WKH FULWHULD RI WKH RSWLPLVD\

7KH VHOHFWHG FULWHULD FRYHUHG LQ WKH ILUVW VWDJH
FROOLVLRQ DYRLGDQFH DQG SHUFHQWDJH RI FRYHUDJH 7KFE
VLQIJXODULW\ DYRLGDQFH ZHUH LQSXW DFFRUGLQJ WR WKHRU!
ZHUH FRPSOLHG ZLWK 7KH FULWHULRQ RI FROOLVLRQ DYRLGI
UXOHV RI JHRPHWU\ DQG LQWHUVHFWLRQ RI WKH VWUDLJKW C
LVRODWHG IURP WKH JHRPHWU\ RI WKH XQLW ZRUNVSDFH RQ W
ZDV DOVR IXOO\ VDWLVILHG ,Q ERWK FDVHV WKH URERW U
VHYHUHO\ IRU WKH QRW FRPSO\LQJ ZLWK WKH SUH VHW FRQGL
RI JHQHWLF VHDUFK WKH QRQ FRPSO\LQJ UHSUHVHQWDWLRQ
VXUYLYDO 7KH WKLUG FULWHULRQ IRU WKH SHUFHQWDJH RI F
DQJOH WKDW LI WKH FKRLFH RI EHWWHU FRQILIJXUDWLRQ IRU \
RI WKH NLQHPDWLF SDUDPHWHUV UHODWLQJ WR WKH SUHIHUL
RSWLPLVHG WKHQ LW LV SRVVLEOH WR DVVHVV WKH SHUFHQW
WR FRPSOHWH WKH WDVN

7KH FULWHULD RI SURGXFWLYLW\ DQG GH[WHULW\ GHWHUP|
RSWLPLVDWLRQ LQ WKH VHFRQG VWDJH $QG KHUH WKH FU
SURGXFWLYLW\ FDOFXODWLRQV JDYH WKH VKRUWHVW WLPH IR
WKH VLPXOWDQHRXYVY PRYHPHQW RI DOO WKH PRWRUV DQG WK
RI YHORFLWLHY DQG DFFHOHUDWLRQV QHHGHG IRU WKLV WLP
VHOHFWLQJ WKH PRVW VXLWDEOH PLQRU FRQILIXUDWLRQ DQ
UDQJHV IRU WKH W\SH RI PDQLSXODWLRQ DQG WRRO RULHQWD
LL 'R WKH JHQHUDWHG GHVLJQV DFFRPSOLVK WKH VSHFLILH

7TKH UHVXOWYVY RI WKH RSWLPLVDWLRQ ZHUH IXUWKHU LQSX\
VRIWZDUH DQG LW ZDV FRQILUPHG WKDW WKH VROXWLRQ ZDV
VLPXODWHG DQG GRHV QRW SURGXFH DQ\ YLRODWLRQV
LLL ‘HUH WKH JHQHUDWHG GHVLJQV UHODWHG WR WKH SUHC



7TKHQLWLDOO\ JHQHUDWHG UHVXOWY ZHUH WHVWHG IXUWKH
DQG WKH WRRO DGGHG 7KH RXWFRPH RI WKH RSWLPLVD\
FRQVHTXHQFHV RI WKH DGGLWLRQ DQG VKRZHG WKH VHQVLWLY
WKH NLQHPDWLF SDUDPHWHUYV ZHUH RSWLPLVHG DFFRUGLQJ
WKH UHPDLQLQJ DVSHFWV RI WKH RSWLPLVDWLRQ SURFHVYV
FRPSOHWLRQ FROOLVLRQ ZLWK WKH HQYLURQPHQW ZHUH |
REWDLQHG IURP *5%$63 VLPXODWLRQ
LY +RZ SUDFWLFDO zZzDV WKH PHWKRG WLPH DQG FRPSOH[L\

7KH W\SLFDO VWDJHV RI RSHUDWLRQ VSHFLILHG LQ 7DEOH
RI DFWLYLWLHV DQG RFFXS\ FHUWDLQ WLPH 7KH UHVXOWYV RI
VLIQLILFDQW DPRXQW RI WLPH RU HIIRUW RQFH WKH *$ RSWL
DQRG OLQNHG WR WKH GDWDEDVHV RI L WKH SRUWIROLR
RSHUDWLRQDO FRQGLWLRQV RI WKH RI WKH LQVSHFWLRQ SUF
PDQLSXODWRU V PDMRU FRQILIXUDWLRQV DQG WKHLU GLUHFW

5HFRPPHQGDWLRQ IRU )XUWKHU 6WXGLHYV

7KH PDLQ WKUXVW RI WKLV WKHVLV KDV EHHQ WR SUHVH
PHWKRGRORJ\ DQG GHPRQVWUDWH LWV YHUVDWLOH DSSOLFD
URERW 7KLV PHWKRGRORJ\ ZDV WHVWHG RQ DQ H[LVWLQJ LQV
GHYHORS D FRQFHSWXDO VWHHO EULGJH UHVWRUDWLRQ URER!
IRU WZR UHDVRQV L LQ WKH PLFUR SHUVSHFWLYH WKH VLPL
WKH HQYLURQPHQWDO KXPDQ DQG HFRQRPLF QHHG IRU WKHL
ZLGHO\ XVHG WKLV PHWKRGRORJ\ UHTXLUHV IXUWKHU WHVWL
FRPSOH[ SUREOHPV ,Q DGGLWLRQ WKH EHQFKPDUN OLEUDU\
KHOS SUHGLFW FRPSXWLQJ UHTXLUHPHQWV IRU SRWHQWLDC
YHUVDWLOLW\ WR WKH RSWLPLVHG GHYLFH

)XUWKHU H[SHULPHQWDWLRQ LV QHFHVVDU\ WR GHWHUF
PHWKRGRORJ\ LV WUXO\ FDSDEOH RI KDQGOLQJ YHUVDWLOH HC
)XWXUH H[SHULPHQWDWLRQ FDQ EH URXJKO\ GLYLGHG LQWR W

7KH ILUVW FDWHJRU\ LQFOXGHV DOO WKH ZRUN ZKLFK IROC
KHUH ORGHO FRPSOH[LW\ VKRXOG LQFUHPHQWDOO\ EH LQF
PHWKRGRORJ\ FRQWLQXHV WR IXQFWLRQ SURSHUO\ 7KH VH
UHSUHVHQWY D QHZ DSSOLFDWLRQ ILHOG LQ ZKLFK WKH *$
HIITHFWLYHO\ DSSO\ *$ WR RWKHU SUREOHP GRPDLQV QHZ '
PHWKRGRORJ\ WR EH EURDGO\ DSSOLHG ZLOO QHHG WR Et
SURJUDPPLQJ DSSOLFDWLRQV DQG LQQRYDWLYH HYDOXDWLRQ



FULWHKHDVKLUG LV WR IXUWKHU LQYHVWLJDWH DQG GHWDLO V
¢
,Q FRQWLQXLQJ WKLV ERG\ Rl UHVHDUFK WKHUH DUH PDQ\
FDQ EH SXUVXHG
)XUWKHU 7HVWLQJ
2QH RI WKH ILUVW H[WHQVLRQV Rl WKLV ZRUN FRXOG EH WR
WR DOORZ IRU REVWDFOH DYRLGDQFH ,QWURGXFLQJ UHGX
FRQGLWLRQV IRU FROOLVLRQ DYRLGDQFH DQG SRWHQWLDO
ZRUNVSDFHV RQ EULGJHV B5HVHDUFK LQWR UHGXQGDQW '2)
ELQGLQJ WKHP E\ UHOHYDQW HYDOXDWLRQ FULWHULD ZRXOG
ZLWKLQ PRUH JHRPHWULFDOO\ FRPSOH[ ZRUNVSDFHV
5RERW 'HVLJQ
7KH QH[W SKDVH RI GHYHORSPHQW FRXOG EH WR LQFRUSRU
555 DQG 553 LQWR WKH PRGHO 7KLV SKDVH ZDV SRWHQWLDOC
GLIIHUHQW FRQILJXUDWLRQV ZLOO UHTXLUH GLIIHUHQW HYDO>
PHDQV WKDW WKH PHWKRGRORJ\ FDQ EH DSSOLHG DW WKH HDL
LW HYHQ PRUH YHUVDWLOH DQG FURVV SKDVH VSDQQLQJ 7KL
DQG DSSO\LQJ SURJUHVVLYHO\ FRPSOH[ HYDOXDWLRQ FULWH!L
GHVLJQ
*$ OHWKRGRORJ\ '"HYHORSPHQW
,Q WKH FRXUVH RI IXUWKHU GHYHORSLQJ WKHVH PRGHOV W
WR EH DGGUHVVHG L ZKDW DUH WKH DSSURSULDWH IXQFWL
LQSXW GLVWXUEDQFHV KDQGOHG" )RU WKH NLQHPDWLF S
LQFRUSRUDWHG IXQFWLRQV UHODWH WR WKH URERW V SHUIRI
WKH VHOHFWHG ZRUNVSDFHV WKH FKRLFH RI WKHVH IXQFWLR
LQ WKH UHDO ZRUOG RI FRPSOH[ HQYLURQPHQWY DQG YDULDE
IXQFWLRQV PD\ EH IDU PRUH GLIILFXOW
JRU WKH V\VWHP WR EH UREXVW LW PXVW EH FDSDEOH RI
7KLV LQYROYHV H[WHQGLQJ WKH UHVHDUFK LQWR VHQVRUV DQ
DSSURDFKHY WR HYDOXDWLRQ ZLOO KDYH WR EH GHYHORSHG
NLQHPDWLF SDUDPHWHU V HYDOXDWLRQ
(YDOXDWLRQ OHWKRGV
2QH Rl WKH FHQWUDO LVVXHV LQ WKLV WKHVLV KDV EHHQ
URERW ,Q QDWXUH HYDOXDWLRQ LV WKH DELOLW\ RI WKH RU
WKH XVHU GHILQHG IXQFWLRQ 7KH GLIILFXOW\ FRPHV LQ GH
RXWSXWV VKRXOG EH HYDOXDWHG EXW KRZ WKH PXOWLSOH F



LEWD VLQJOH HYDOXDWLRQ IXQFWLRQ :KLOH LW LV SUREDEOH
DSSO\ WR WKH HYDOXDWLRQ RI DOO FRQFHLYDEOH URERWLF F
:RUN VKRXOG EH GRQH WR GHWHUPLQH LI VRPH JHQHUDO JXL
2QH Rl WKH OLPLWDWLRQV RI *$ LV WKH ODUJH FRPSXWLQJ U
PRGHUDWHO\ FRPSOH[ SUREOHPV ,Q DGGLWLRQ DV SUREOI
FRPSOH[ WKH VL]H Rl WKH GHVLJQ VSDFH LQFUHDVHV DQG |
ZRUN ZLWK ODUJHU SRSXODWLRQV WR HQVXUH SURSHU VDPSC
VLPXOWDQHRXV UHVHDUFK LQWR PLFUR *$ PD\ RIIHU D VROXWL
$SSOLFDWLRQ RI $GYDQFHG *$ 7THFKQLTXHV

5HVHDUFK LQWR *$ WKHLU VFKHPD EHKDYLRXU DQG WKH
LQIRUPDWLRQ FDUULHG KDV GHYHORSHG H[WHQVLYHO\ DQG L!
SUREOHP DQG WKH HYDOXDWLRQ PHWKRG LV QR ORQJHU W
RSWLPLVDWLRQ DV PRUH JHQHWLF NQRZOHGJH HPEHGGHG L
WKHUHIRUH WKH *$ EHKDYLRXU FDQ EH FORVHO\ PRQLWRUHC
GLUHFWLRQ $GGLWLRQDOO\ .R]D > @ KDV EHHQ YHU\ VXFFH\
3URJUDPPLQJ *3 LQWR G\QDPLF RSWLPLVDWLRQ RI V\VWHP
EHQHILFLDO WR ORRN LQ GHSWK DW DOWHUQDWLYH VHOHFWLF
DQG PXWDWLRQ SUREDELOLWLHV DQG D K\EULG *$ WR IXUWK
RXWFRPH

5HGXQGDQF\ DQG &ROOLVLRQ $YRLGDQFH

.LQHPDWLFDOO\ UHGXQGDQW PDQLSXODWRUV SRVVHVV DW
QXPEHU RI YDULDEOHV WKDW DUH QHFHVVDU\ WR GHVFULEH
FRQFHSW UHODWLYH WR WKH WDVN DVVLJQHG WR WKH PDQLS:
PDQLSXODWRU ZLWK GH[WHULW\ DQG YHUVDWLOLW\ LQ LWV PF
LQFOXGH WKH DELOLW\ WR DYRLG LQWHUQDO VLQJXODULWLHYV
HQWLUH ZRUNVSDFH )XUWKHU LI D MRLQW RI D UHGXQGDQW F
OLPLW WKHUH PLJKW EH RWKHU MRLQWV WKDW DOORZ H[HFX
PRWLRQ 7KH REYLRXV H[WHQVLRQ WR WKH PHWKRG ZDV PRC
PDWUL[ IRU '2) RU HYHQ '2) PDQLSXODWRU ZLWK YDULHW\
YDULHW\ RI WDVNV RQ EULGJH JHRPHWU\ VHOHFWLQJ WKH ¢
XVHIXO URERW PLJKW RSHUDWH '2) WR SRVLWLRQ DQG SDW
FRQWURO IRU H[DPSOH 7KLV FRXOG SURWHFW VHQVRUV DQG L

/IRQJ UDQJH *RDOV
$ ILQDO DUHD IRU IXUWKHU UHVHDUFK PLJKW FRQVLGHU
RSHUDWRUV ,Q WKH ELRORJLFDO ZRUOG WKH UHVXOW RI D



YLDRQWHDQLVP RI WKH VDPH VSHFLHYV DV LWV SDUHQWY 7KLV E
ZKHUH WKH RUJDQLVPV WKDW HYROYH WHQG WR GR VR LQ
RUJDQLVP PRUH FDSDEOH RI VXUYLYLQJ JHQHWLF RSHUDWL
GHVLJQ VSDFH H[DPLQHG E\ WKH JHQHWLF RSHUDWRUV 7R RYI
QHZ RSHUDWRU VKRXOG EH GHYHORSHG RU VRPH DOWHUQDWL
RI WKH GHVLJQ VSDFH HPSOR\HG

7TKH XOWLPDWH GHVLJQ WRRO ZRXOG DOORZ WKH WRRO LW
IDU IHWFKHG DV LW PD\ VHHP DV WKLV LV ZKDW RFFXUV LQ WI
JHQHUDOO\ VXIILFLHQW PHDQV RI UHSUHVHQWDWLRQ VXFK D)
PHDQV WR EXLOG D URERW DV RSSRVHG WR UHSUHVHQWLQ
FDSDELOLWLHYV RI *$ DUH H[WHQVLYH



$33(1',; $7KHRURI & U URVLRQ

7TKH LQFUHDVLQJ QXPEHU RI EULGJHVY UHTXLULQJ UHKDELOL"'
OHDGV WR ORVV RU UHGXFWLRQ RI VWUXFWXUDO VDIHW\ 6W
GDPDJH DQG GHWHULRUDWLRQ IURP D QXPEHU RI FDXVHV ZKL
L FKHPLFDO DQG ELRORJLFDO FRUURVLRQ ILUH IURVW FKF
HQYLURQPHQW LL SK\WLFDO RU VWUXFWXUDO IDWLJXH VW
GHIHFWLYH PDWHULDOV SRRU ZRUNPDQVKLS GXULQJ HUHFWI
GHWDLOLQJ SRRU PDLQWHQDQFH LLL PHFKDQLFDO LPSDFW
JHRPHWULHV RI WKH URDGZD\ DV LW DSSURDFKHYVY DQG WUDY
KRUL]JRQWDO DOLJQPHQW URDGZD\ ZLGWK DQG FOHDUDQFH
FDSDFLW\ 2XW RI DbOO WKH FDXVHV OLVWHG DERYH FRUURYV
SUHYDLOLQJ DQG WKHUHIRUH QHHGV IXUWKHU LQVLJIJKW
&RUURVLRQ FDQ RFFXU RQO\ LI VWHHO LV VXEMHFWHG LQ
>HXUVWHLQ HW DO @ WKHUHIRUH WKH RQO\ VWHHOZRU
RUGHU WR PDLQWDLQ LWV VWUXFWXUDO LQWHJULW\ LV WKD
SRWHQWLDO GDPS FRQGLWLRQV DQG KLJKO\ DJJUHVVLYH RU
FDQ VvSDQ D UDQJH RI IRUPV EHWZHHQ VXUIDFH UXVWLQJ S
FRPSOHWH ODPLQDU EUHDNGRZQ RI WKH VWHHO 7KH UDWH
FROQOFHQWUDWLRQ RI WZR FRQWDPLQDQWY LQ WKH DWPRVSKHU|
7KH ILUVW OLQH RI SURWHFWLRQ DJDLQVW FRUURVLRQ LV
WKDW DYRLG ZDWHU WUDSV DQG DOORZ IRU GUDLQDJH DQG
PDLQWHQDQFH 7KH VHFRQG OLQH RI GHIHQFH LV WKH SURWH
WKH VWHHO :KLOH FKRRVLQJ WKH SDLQW FRDWLQJ WKH IROO
L TXDOLW\ RI VWHHO VXUIDFH SUHSDUDWLRQ LL FKHPLFDO
FRDW FRPSDWLELOLW\ DQG LY VXEVHTXHQW PDLQWHQDQFH
DQG HIILFLHQW DOVR FRVW ZLVH PDLQWHQDQFH PHWKRG RC
VWHHO VXUIDFH E\ VKRW EODVWLQJ DQG UHSDLQWLQJ LW [V
OHQJWK RI WKH XVHIXO OLIH RI WKH VWUXFWXUH EHFDXVH |
FDXVH GHWHULRUDWLRQ IURP WKH GDWH RI WKH VWUXFWXUHT{
(YHU VLQFH VWHHO KDV EHHQ DSSOLHG DV VWUXFWXUDO P
DVVRFLDWHG ZLWK LW WKH VWXG\ LOQOWR FRUURVLRQ LWV QD
FKHPLVWU\ RI FRUURVLRQ RI VWHHO LV WKH IRUPDWLRQ RI K
UHVXOW RI DQ HOHFWURFKHPLFDO UHDFWLRQ EHWZHHQ WKH
@ )RU FRUURVLRQ WR RFFXU UHTXLUHV WKH SUHVHQFH RI



IV SXUH WKH FRUURVLRQ UDWH LV ORZ RWKHUZLVH LW DFWYV
UDWH LQFUHDVHV VLJQLILFDQWO\ 8QSURWHFWHG VWHHO LQ W
DQG LQ WKH DEVHQFH RI FRQWDPLQDQWY FRUURGHV DSSUR]

RYHU YHU\ ORQJ SHULRGV WKLV W\SH RI XQLIRUP FRUURVLR
GUDPDWLF FRQVHTXHQFHV +RZHYHU ZLWK VWHHO WKH FR
GHOHWHULRXV HIIHFWV Rl FRUURVLRQ

$ 7\SHV RI &RUURVLRQ

&ODVVLILFDWLRQ RI FRUURVLRQ GHSHQG XSRQ WKH SDUYV
H[SRVHG WR DQG LQ JHQHUDO IRXU FODVVHV FDQ EH LGHQWLII
LLL LPPHUVHG DQG LY XQGHUJURXQG *DVHRXV W\SH RI FRI
IRUPXODWLRQ RI D VXUIDFH ILOP DQG WKH RWKHU WKUHH UHO"

$WPRVSKHULF &RUURVLRQ

BWHHO WKDW LV IUHHO\ H[SRVHG WR WKH DWPRVSKHUH UF
R[\JHQ 7KH DWWDFN GHSHQGVY RQ WKH SUHVHQFH RI ZDWHU D
LW ,Q /RQGRQ WKH DPRXQW RI LPSXULWLHV IRXQG LQ SUHF
WKHUHIRUH DQ\ H[SRVHG VWHHO VXFK DV LQ WKH YDULRXV
YXOQHUDEOH WR FRUURVLRQ 7KH GLVVROYHG LPSXULWLHV Z
VXOSKXU GLR[LGH ZKLFK LV HPLWWHG SULPDULO\ IURP WKH L
ZKLFK FDQ EH IRXQG LQ PDULQH HQYLURQPHQWY IRUP HIILFLF
FRUURVLRQ

,Q DWPRVSKHULF FRUURVLRQ UHODWLYH KXPLGLW\ LV KLJKO
YXOQHUDELOLW\ DQG UDWH RI FRUURVLRQ ,W KDV EHHQ VKRZ
VXGGHQ ULVH LQ WKH UDWH Rl FRUURVLRQ DERYH D FHUWD
KXPLGLW\ DWPRVSKHULF SROOXWLRQ EHFRPHV WKH GHFLVLYH
IRU VHULRXV FRUURVLRQ LV DERYH 'LITHUHQW KXPLGLW\ ¢
WKDW UHODWLYH KXPLGLW\ RQO\ IDOOV EHORZ WKH FULWLFDO
SHULRGV GXULQJ WKH \HDU ,W VKRXOG DOVR EH ERUQH LQ PL
DOVR KDYH DQ DIIHFW DV ZHOO DV GLXUQDO IOXFWXDWLRQ
GHWHUPLQH WKH LQFLGHQFH DQG GXUDWLRQ RI FRQGHQVD)
GHOLTXHVFHQW SDUWLFOHV FDQ DOVR EH KLJKO\ LQMXULRXV
SODFH EHORZ WKH FULWLFDO YDOXH RI UHODWLYH KXPLGLW\

,PPHUVHG &RUURVLRQ

,Q FRPSDULVRQ LPPHUVHG FRUURVLRQ WRWDOO\ GHSHQGV
ZKLFK LV OLDEOH WR ZLGH YDULDWLRQV RI GLVVROYHG R[\JHQ



ZDWHU LV UHIOHFWLYH RI WKH HOHFWULFDO FRQGXFWLYLW\ ¢
VRPH FDVHV FDOFDUHRXV GHSRVLWVY RQ PHWDOV IRUPHG IU
SURWHFWLYH YDOXH +RZHYHU WKH WHPSHUDWXUH RI WKH
FRUURVLYH SRZHUV RI WKH ZDWHUV $V WHPSHUDWXUH ULVH
UDSLGO\ )LQDOO\ WKH DFWXDO IORZ IRUFH Rl WKH ZDWHU ZL:
IRUFH RI WKH WLGDO IORZ RI WKH 7KDPHV WKHUH DUH WZR
FRUURVLRQ UDWH )LUVWO\ WKH VXSSO\ RI R[\JHQ LV SURPR
DQG VHFRQGO\ WKH DFWXDO IORZ UDWH FRXOG SUHYHQW WK!
SURGXFWV

8QGHUJURXQG &RUURVLRQ

8QGHUJURXQG WKH FRUURVLRQ RI PHWDOV FDQ WDNH S
SURFHVVHV L HOHFWURFKHPLFDO DFWLRQ LL VXOSKDWH
FXUUHQWV ZKHUHE\ RQH RU PRUH PD\ EH RSHUDWLYH

7KH QDWXUH RI WKH VRLO LV SUREDEO\ WKH PRVW LPSRUWLE
DFWLRQ SURFHVV 6RLOV VXFK DV VDQG DQG FKDON EHFDXVH
WHUPHG DHURELF KHQFH D SOHQWLIXO VXSSO\ RI R[\JHQ ZKI
DSSHDUDQFH RI FRUURVLRQ LV PRUH OLNHO\ :KHUHDV DQDH
R[\JHQ FRUURVLRQ LV OLNHO\ WR EH PXFK VORZHU XQOHVV '
SUHVHQW

W LV SUREDEOH WKDW FRUURVLRQ ZRXOG EH ORFDOLVHG
LQWHUPHGLDU\ QDWXUH EHFDXVH DLU SRFNHWV ZRXOG EH
DHUDWLRQ FXUUHQWVYV 7KH DWWDFN RI FRUURVLRQ ZRXOG RFF
PHWDOOLF VXUIDFH ZKHQ R[\JHQ LV ZLWKLQ WKH DLU SRFN}
LQGXVWU\ PDQ\ DLU SRFNHWV JHW FUHDWHG DUWLILFLDOO\ ZK
DIWHU SLSH OD\LQJ FRQFUHWLQJ RU KROHV GXJ WR UHFHLYH
HQWLUHO\ GLIIHUHQW HQYLURQPHQW IURP WKDW IRXQG LQ XQ
RQO\ D IHZ IHHW DZD\ VXFK GLIIHUHQFHV PD\ OHDG WR WKH IR

&RUURVLRQ FXUUHQWVY FDQ DOVR EH VHW XS E\ WKH FKHPL
SDUWLFXODU LWV GLIIHUHQW FRQVWLWXHQWYV >%XUVWHLQ H\
DONDOLQLW\ RI WKH VRLO ZLOO DOVR DIIHFW FRUURVLRQ *U|
XVHG IRU VWHHO SLSHVY RU VWDQFKLRQV KDYH EHHQ EXULHG L
KLJKO\ OLNHO\ WR FRUURGH DW D YHU\ IDVW UDWH 7KLV LV
VROXEOH PDWWHU LQ WKH VRLO DV LW \LHOGV HOHFWURO\WH
7RIHWKHU ZLWK WKLV WKH SUHVHQFH RI DQ\ XQEXUQHG FD



SUMRRWH FRUURVLRQ DV WKH ZRRG ZRXOG DFW DV D FDWKRGH
K\GURVFRSLF ZLOO UHWDLQ PRLVWXUH LQ FRQWDFW ZLWK WKH

+DYLQJ PHQWLRQHG DQDHURELF VRLOV DQG WKHLU HIIHFW
SLFWXUH LV GLVWRUWHG E\ VXOSKDWH UHGXFLQJ EDFWHULD
FOD\V WKDW FRQWDLQ VXOSKDWHY DQG RUJDQLF PDWWHU ZK
EHFDXVH RI WKH RUJDQLVPV SUHVHQW HQDEOH VXOSKDWHYV W|
UHGXFWLRQV WR VXOSKLGHV 7KH FRUURVLRQ SURGXFW LV L
VXOSKLGH

OHWDO SLSHV DQG VWUXFWXUHV EXULHG LQ WKH VRLO PD\
VWUD\ FXUUHQWY IURP VRXUFHV VXFK DV SRZHU DQG WHOHSK
ULVN RI FRUURVLRQ E\ VWUD\ FXUUHQWYV 3DUW RI WKH FXUUH
vwub\ WR HQWHU WKH EXULHG PHWDO DQG WKHQ OHDYH LW VF
SRZHU ILQH &RUURVLRQ LQ VWHHO ZRXOG RFFXU DW WKH ORYV



&KHPLFDO
BURSHUWLHYV
Rl PHWDOV
DQG DOOR\V

)XVHG VDOWYV

THW
'DPS

$FLG

$ONDOLQH

1HXWUDO

&RPSOH[ IRUPLQJ

+LJK WHPHUDWXUH

$SPELHQW



JLIXU $ 'LITHUHQW (QYLURQPHQWY &DXVLQJ &RUURVL

$ OHFKDQLVPV RI &RUURVLRQ

&RUURVLRQ RI VWHHO LV DQ HOHFWURFKHPLFDO SURFHVV .
RSHUDWLRQ RI D EDWWHU\ $QRGLF DQG FDWKRGLF UHDFW
RFFXUUHQFH DQG ZLWK WKH PDJQLWXGH DV WKDW RI WKH
LQWHQVLW\ GHSHQGY RQ WKH LQLWLDO GLIIHUHQFH EHWZHHQ
WKH SRODUL]DWLRQ RI WKH DQRGLF DQG FDWKRGLF SURFHY)\
EHWZHHQ WKH DQRGH DQG WKH FDWKRGH 7KH DQRGLF DQG F
PDLQO\ LQ WZR VWHSV LRQL]DWLRQ DQG GLIIXVLRQ ,Q WKH
LRQL]IDWLRQ RYHUYROWDJH RI WKH UHDFWLRQ )H WR )H |
GLIIXVLRQ RI WKH )H LRQV DUH WKH QRUPDO UHDFWLRQV 7
SURGXFW UHVXOWY IURP WKH LOQWHUDFWLRQ EHWZHHQ DQRGL
JH LRQV DUH IRUPHG WKH\ FDQ EH R[LGLVHG WR )H RU K\GUD)

)H + a )H 2+ + H $

7KHHUURXV K\GUR[LGH LV D ZKLWH SURGXFW EXW LQ R[\JI
UDSLGO\ R[LGLVH WR IRUP IHUULF K\GUR[LGH

YH 2+ + I )H 2+ $

$VWKH IHUULF K\GUR[LGH LV XQVWDEOH LW VXEVHTXHQWO!
IHUULF R[LGH )H UHG UXVW

YH 2+ L )YH2 2+ + $

$Q LPSRUWDQW FKDUDFWHULVWLF RI PRVW RI WKH VROLG Fi
WKDW WKH\ RFFXS\ D ODUJHU YROXPH WKDQ WKH PHWDO GHYV
DVSHFW LV SDUWLFXODUO\ LPSRUWDQW ZKHQ PHWDOV DUH I
H[SDQVLRQ DFFRPSDQ\LQJ FRUURVLRQ FDQ OHDG WR WKH Gt
HQRXJK WR FDXVH EUHDNDJH )RU H[DPSOH ZKHUH WZR VWHH(
D OLQH RI ULYHWV WKH IDLOXUH Rl ZKLFK LV GXH WR WKH UX
,W DFWV DV LI D ZHGJH KDV EHHQ GULYHQ EHWZHHQ WKHP

$OWKRXJIK WKH VWHHO LRQL]JDWLRQ RYHUYROWDJH LV ORZ
DQRGLF UHDFWLRQ

L D ORZ DPRXQW RI HOHFWURO\WH WKDW ZRXOG PDNH K\C
GLIILFXOW LL WKH VKLHOGLQJ Rl WKH DQRGLF VLWHV E\ WKI|
DQRGLF UHDFWLRQ HYROXWLRQ DQG LLL WKH SUHVHQFH R
FKORULGHV WKDW ZLOO IDYRXU WKH UHDFWLRQ SURJUHVYV

,Q FDVH Rl WKH FDWKRGLF VLWHV WZR PDLQ UHDFWLRQV DI
RU R[\JHQ UHGXFWLRQ 2WKHU VHFRQGDU\ UHDFWLRQV PD\ RF



UBXFWLRQ RI )H WR )H JO\GURJHQ HYROXWLRQ LV WKH FDWE
RI WKH VROYDWHG SURWRQV XS WR WKH FDWKRGH LV VR FRP
VLIQLILFDQWO\ FRQWURO WKH UHDFWLRQ UDWH 7KH VDPH SU
HYROXWLRQ GXH WR WKH UHDFWLRQ RI ZDWHU PROHFXOHV 7
FRXOG LQIOXHQFH WKH UDWH ,Q FDVH RI VWHHO LW LV HYV
RYHUYROWDJH DOWKRXJK KLJKHU WKDQ WKDW RI WKH QREOH

2[\JHQ UHGXFWLRQ LV GLIIHUHQW KRZHYHU EHFDXVH DV D
WR GLIIXVH WKURXJK WKH HOHFWURO\WH DQG FURVV WKH GL
EHIRUH EHLQJ LRQL]JHG 7KHUHIRUH ERWK VWHSV RI WKH SU
PD\ EH UHOHYDQW LQ WKH FDVH RI R[\JHQ UHGXFWLRQ

JLIXUH $ 6LPSOH &RUURVLRQ &HOO

7TKH WKHRU\ PD\ EH VWUDLJKWIRUZDUG EXW ZLWK FRUURVL
IDFWRUV LQYROYHG WKDW DUH OLNHO\ WR LQIOXHQFH LQLWLD
FRUURVLRQ

$ ,QLWLDWLRQ DQG 5DWH RI $WWDFN

7KHUH DUH QXPEHU RI IDFWRUV ZLWKLQ WKH IRUPDWLRQ I
DSSHDUDQFH RI FRUURVLRQ JLUVWO\ WKH QRQ XQLIRUPLW
SUREDELOLW\ RI FRUURVLRQ EHFDXVH LW ZLOO UDUHO\ IROOF
GLIITHUHQFHV LQ DWRPV %RXQGDU\ FRQGLWLRQV EHWZHHQ YI
H[LVW JLYLQJ ULVH WR PLFUR FHOOV LQ ZKLFK WKH ERXQGI
XQHTXDO VWUHVV RU GHIRUPDWLRQ JLYH ULVH WR GLITHUHQW
SURGXFWLRQ RI JDOYDQLF FHOOV ZLWK D VLQJOH PHWDO VX
VWUHVVHG SDUWV DUH DQRGLF DQG FRUURGH PRUH UHDGLO

$



FDX@HE\ PDQ\ IDFWRUV VXFK DV VWUDLQV RU H[WHUQDO VWU
FDQ UHVXOW IURP XQHTXDO VWUHVV RU GHIRUPDWLRQ DW EHQ
$WWDFN ZLOO DOVR DULVH ZKHUH WKHUH KDV EHHQ D EUH
ILOP RQ WKH VWHHO 7KH EUHDNV LQ WKH ILOP FDXVH WKH X
ZKLFK ZLOO WKHQ EHFRPH DQRGLF DQG KHQFH DWWDFNHG :L\
PLOL VFDOH DUH RIWHQ UHVSRQVLEOH IRU LQWHQVH ORFDOLYV
9DULDWLRQV LQ SK\VWLFDO FRQGLWLRQV WKDW JLYH ULVH WR
WHPSHUDWXUH GLIIHUHQFHV VWUD\ FXUUHQWV DQG IORZ RI
FRYHUHG KRZHYHU GLIIHUHQFHV LQ WHPSHUDWXUH XVXDO
EHFRPLQJ DQRGLF KHQFH FRUURVLYH
7KH EDVLF FRQGLWLRQV QHFHVVDU\ IRU FRUURVLRQ WR WD
DQG FDWKRGH EXW WKLV GRHV QRW JLYH WKH HQJLQHHU DC
WKDW PD\ RFFXU ,W LV SHUKDSV VHOI HYLGHQW WKDW WKLYV
WKH VWUHQJWK Rl WKH HOHFWULF FXUUHQW LQ DQ\ JLYHQ JD
WKDW PXVW EH WDNHQ LQWR DFFRXQW WR SUHGLFW WKH F
SRODULVDWLRQ ZKLFK FRQFHUQV WKH VKLIWV Rl SRWHQWL
FDWKRGH KRZHYHU WKLV GRHV QRW VR PXFK DIIHFW VWHHC
BHFRQGO\ WKHUH LV FRQGXFWLYLW\ DQG FRPSRVLWLRQ &RQ
ZLGHO\ *RRG FRQGXFWRUV QRW RQO\ LQFUHDVH WKH UDWH F
FDWKRGHVY DQG DQRGHV WR WDNH SODFH LQ WKH FRUURVLRQ ¢
7KHUHIRUH ZLWK WKH FDWKRGLF SURWHFWLRQ SURYLGHG E
WKH VWHHO LV H[SRVHG WKURXJK EUHDNV LQ WKH JLQF FRDW
DUHD RI VWHHO H[SRVHG EXW DOVR RQ WKH FRQGXFWLYLW\ |
DUHD RI VWHHO LV H[SRVHG WKH SRWHQWLDO RI WKH H[SR
QHJDWLYH SRWHQWLDO DW ZKLFK WKH IHUURXV LRQV FDQ QR
VWHHO LV FDWKRGLFDOO\ SURWHFWHG ZLWK R[\JHQ UHGXFWL!
DQG DQ LQFUHDVH RI FRUURVLRQ RI WKH JLQF DQRGH :KHQ D «
SURWHFWLRQ LV PDLQWDLQHG RQO\ LI WKH HOHFWURO\WH KDV
)LQDOO\ WKH SK YDOXH RI VROXWLRQV DOVR DIIHFW WKH FR
WKH K\GURJHQ LRQ FRQFHQWUDWLRQ +RZHYHU WKLV GHSHQC
LWV R[LGH LV VROXEOH LQ DFLG RU ERWK DFLG DQG DONDOL
VWHHO +DYLQJ GLVFRYHUHG DOO WKH DVSHFWV FRQFHUQLQJ
RI FRUURVLRQ QHHG WR EH H[DPLQHG 'LIIHUHQW W\SHV RI FR
FRUURVLYH DWWDFN



$ )RUPV RI &RUURVLRQ DQG RWKHU '"HIHFWV

JLUVWO\ XQLIRUP DWWDFN VKRXOG EH GLVFXVVHG DV Wk
WKH GHVLJQHU DV XQLIRUP WKLQQLQJ ZRXOG EH FRQVLGHUL
DWWDFN XVXDOO\ WDNHV SODFH LQ DFLG VROXWLRQV RU LQ \
ZKLFK KDYH D XQLIRUP GHSRVLW DUH PRUH OLNHO\ WR KDYH
DWWDFN ZKLOH GHSRVLWV RI FDOFLXP FDUERQDWH ZLOO UHG
JRU WKH GHVLJQHU DQG WKH HQJLQHHU LW LV SUREDEO\ QRW
WDNLQJ SODFH DV DWWDFN LV PRUH FRPPRQO\ ORFDOLVHG >(Y
$ 3LWWLQJ

3LWWLQJ LV RQH Rl WKH PRUH GDQJHURXV IRUPV RI ORFD
FRQGLWLRQV QRW VXLWHG WR VWHHO IRU H[DPSOH D ZHW HQY
WR SLWWLQJ ZKLFK PD\ DPRXQW WR DSSUR[LPDWHO\ PP
FRUURVLRQ FDQ FDXVH D VHULRXV UHGXFWLRQ LQ ORDG FDU
SDUWLFXODU ULVN RI IDWLJXH IDLOXUH 7KH SURFHVV LV W
LQFHSWLRQ ZLWK D VPDOO DQRGH DUHD DQG D ODUJH FDWK
YDULDWLRQV LQ WKH PHWDO LQ WKH VXUIDFH ILOP RU LQ WK
RI PLOO VFDOH D ILOP ODLG GRZQ GXULQJ PDQXIDFWXUH R¢
LQWHQVH ORFDOLVHG DWWDFN
$ &UHYLFH &RUURVLRQ

&UHYLFH FRUURVLRQ LV DQ LQHYLWDEOH FRQVHTXHQFH R
FRPSRQHQWY ZKHUH WZR VHFWLRQV Rl VWHHO DUH EROWHG |
SRWHQWLDO LQLWLDWRUV RI FRUURVLRQ DQG DV VXFK WKHLU
VSHFLDO DWWHQWLRQ LQ DQ\ DVVHPEO\ &RUURVLRQ PD\ FRPP
J)LUVWO\ FUHYLFHV DUH QRW DOZD\V HDV\ WR UHDFK ZLWK ST
SDLQWHG EHIRUH DVVHPEO\ HYHQ WKHQ VFUDWFKHV GXULQ
SURWHFWLYH PHDVXUHV DW D FUHYLFH 3DLQWZRUN DW WKH
WKLQQHU DQG PRUH HDVLO\ GDPDJHG RU ZRUQ DZD\ 6HFRQC
PRLVWXUH IRU ORQJHU WKDQ IODW VXUIDFHV WKHUHE\ DOOR:
DWWDFN WKH PHWDO :KHUH WKH FRUURVLRQ SURGXFW LV SRU
HYHQ ORQJHU DQG DV EXLOG XS RI UXVW RFFXUV KLJK SUH
FUHYLFH 7KLV PHDQV WKH FUHYLFH PD\ EH RSHQHG XS DOC
SHQHWUDWLRQ RI PRLVWXUH DQG LQ H[WUHPH FDVHV WKH ULY

7KLUGO\ FRQGLWLRQV LQ D FUHYLFH DUH LQYDULDEO\ IDYR;
R[\JHQ VXSSO\ DW WKH ERWWRP Rl WKH FUHYLFH ZKHWKHU F
PRLVW LV VFDQW\ FRPSDUHG ZLWK WKDW RQ WKH EXON VXUID



ERWWVRPWKH FUHYLFH EHFRPHVY DQRGLF 7KH UHVXOW LV D W\S
VPDOO DQRGH DWWDFN ZKLFK LV DOO WKH PRUH GDQJHURXYV
IRU D FRQVLGHUDEOH WLPH LI WKH FUHYLFH LV YHU\ QDUU
DFFLGHQWDOO\ DV ZHOO DV EHLQJ D IHDWXUH RI GHVLJQ |
VWRQHV UHVWLQJ DJDLQVW LPPHUVHG VWHHOZRUNV GHSRV|
V\VWHP FDQ DOO JLYH ULVH WR UDSLG DWWDFN
$ 6WUHVV &RUURVLRQ

7KH FRPELQDWLRQ RI FRUURVLRQ DQG VWUHVV LV RI JUHI
IDFWRUV DFWLQJ WRJHWKHU PD\ FDXVH YHU\ PXFK PRUH GDF
HITHFWV DFWLQJ VHSDUDWHO\ 7KH YLVLEOH UHVXOW RI VWU
FUDFNV DFURVV WKH VSHFLPHQ URXJKO\ DW ULJKW DQJOHV W
PD\ IROORZ WUDQVJUDQXODU RU LQWHUJUDQXODU SDWKYV
FROQFHUQHG DQG WKH H[DFW PHFKDQLVP RI FUDFN SURSDJDYV
FDVHVY &UDFN SURSDJDWLRQ PD\ EH SULQFLSDOO\ PHFKDQLF
VHUYLQJ WR DLG IDLOXUH DW WKH WLS RI WKH FUDFN RU LW
FRUURVLRQ ZLWK WKH VWUHVV DFWLQJ WR RSHQ WKH FUDFN V
WKH FRUURGDQW WR WKH FUDFN WLS 7KH SUHVHQFH RI KLJK (
FRQVLGHUDEOH HIIHFW RQ FUDFN SURSDJDWLRQ 7KH\ PD\ DI
IDLOXUH RYHU VKRUW GLVWDQFHV DV WKH FUDFN JURZV RLU
HOHFWURFKHPLFDO DFWLRQ DV WKH FUDFN UHDFKHV WKHP 7
SUHFLSLWDWHG SKDVH LQ WKH JUDLQ ERXQGDULHV FDQ UHQG
FRUURVLRQ FUDFNLQJ 7KH HIIHFW LV SDUWLFXODUO\ PDUNHG
JUDLQ ERXQGDULHV EHFRPH DQRGLF WR WKH PDLQ ERG\ RI W
IURP VWUHVV FRUURVLRQ FUDFNLQJ SDUWLFXODUO\ LQ FRQFL
FKORULGH SUHVHQW DQG DOVR LQ KRW DTXHRXV QLWUDWH VR
ERXQGDU\ SUHFLSLWDWLRQ RU UHVLGXDO VWUHVYVY JUHDWO\ LQ
$ &RUURVLRQ )DWLJXH

$ORQJIJVLGH VWUHVV FRUURVLRQ WKHUH LV WKH RWKHU F
FRUURVLRQ IDWLJXH 7KH PHFKDQLVPV RI FRUURVLRQ IDWLJX
HVVHQWLDOV :KHQ D PHWDO LV VXEMHFWHG WR DOWHUQDWL
VXFK DV YLEUDWLRQV IURP FDUV RQ D VWHHO EULGJH HJ
GHYHORS VXUIDFH FUDFNV ZKLFK JUDGXDOO\ SURSDJDWH WKU
LWV IDLOXUH 7KLV LV NQRZQ DV IDWLJXH IDLOXUH DQG WKH
GHFUHDVHV ZLWK WKH QXPEHU RI F\FOHV 6RPH PHWDOV GHPF
FDOOHG WKH IDWLJXH OLPLW RWKHUV DUH QRW DQG DUH SL



RFXUV DW WKH HQGXUDQFH OLPLW (YHQ RUGLQDU\ IDWLJXH II
HOHPHQW RI FRUURVLRQ DQRG LQVSHFWLRQ RI VXFK IDLOXL
R[LGDWLRQ 8QGHU VSHFLDO FLUFXPVWDQFHV KRZHYHU WKH |
WKH VWUHVVHG PHWDO PD\ VR DGYDQFH WKH GHYHORSPHQW F
DEVHQW DQG WKH WLPH WR IDLOXUH PXFK UHGXFHG )DWLJX
VHULHV RI VXUIDFH FUDFNV DW ULJKW DQJOHV WR WKH OLQH R

7KH HVVHQWLDO IHDWXUHV RI FRUURVLRQ IDWLJXH DUH W]
F\FOLF VWUHVVLQJ DQG LL WKH SUHVHQFH RI WKH UHDF
FROQGLWLRQV WKH HIIHFW RI WKH IDWLJXH IDLOXUH LQ FUHDMW
SURSDJDWHG E\ LQFUHDVHG FKHPLFDO DFWLYLW\ $PRQJ WK
IDLOXUH WR EH H[DJJHUDWHG DUH DWPRVSKHULF FRQWDPLQDH
GLR[LGH DQG FKORULGHYV LQ HVWXDULQH DQG VHDZDWHU
$ JUHWWLQJ &RUURVLRQ

)LQDOO\ DQRWKHU FRUURVLRQ DVVRFLDWHG SUREOHP LV IU
ZKHQ FORVHO\ ILWWHG VWHHO RU RWKHU PHWDOV VXUIDFHV D
WKH VXUIDFHVY RIWHQ EHFRPH SLWWHG RU DFTXLUH D TXDQWL
WKH ZKROH PHFKDQLFDO ZHDU FRQWULEXWHY WR WKLV HIIHF
RFFXU LQ FRUURVLYH HQYLURQPHQWY 7KXV VWHHO ZLOO |U
DWPRVSKHUH JHQHUDWLQJ ILQHO\ GLYLGHG LURQ SDUWLFOHV
DLU KRZHYHU VXFK GHEULYV UDSLGO\ R[LGLVHV DQG WKH SU
ZHDU )J)UHWWLQJ FRUURVLRQ LV JHQHUDOO\ WKH UHVXOW RI °
DVVRFLDWHG LQ WKH FRQVWUXFWLRQ LQGXVWU\ ZLWK VRPH
HQYLURQPHQWY DW EROWHG RU ULYHWHG MRLQWYV
$ (ITHFWV Rl &RUURVLRQ ZLWKLQ WKH &RQVWUXFWLRQ )LHOG

,Q WHUPV RI EXLOGLQJ WKHUH DUH PDQ\ SULQFLSDO HIIH
XSRQ WKH PXFK XVHG PHWDO VWHHO 7KH ILUVW HIIHFW F
VWUXFWXUDO VRXQGQHVV W LV JHQHUDOO\ DVVXPHG WKDW F
WKH FRPSRQHQW 7KH H[WHQW WR ZKLFK D UHGXFWLRQ LQ V
GHSHQG RQ FLUFXPVWDQFHV ,Q WKH FDVH RI XQLIRUP DWWD
VWUHQJWK PD\ EH DOORZHG IRU DV WKH FRUURVLRQ ZLOO U
WKLFNQHVYV 7KLV LV D GLIITHUHQW FDVH IRU WKH YDULRXV IR
WKH ZKROH WHQG WR EH PRUH IUHTXHQW 2WKHU WKLQJV EHI
VWUHQJIJWK FDQ RI FRXUVH KDYH PRUH VHULRXV FRQVHTXHC
KHQ FRQVLGHULQJ WKH HIIHFWV RI FRUURVLRQ RQ WKH VWL
FRPSRQHQW LW LV DOZD\V LPSRUWDQW WR UHPHPEHU WKDW D



DV VWURQJ HQRXJK WR SHUIRUP WKHLU SULPDU\ IXQFWLRQV )l
PDMRU UDLO EULGJHV RYHU WKH 7KDPHV IRU LWV VWUHQJWK
RWKHU H[DPSOHV ZRXOG EH WKH XVH Rl VWHHO IRU IL[LQJV DV

)XUWKHU WR WKH DERYH SRLQW VWHHO LV XVHG LQ FRQVYV
PDWHULDOV WKHUHIRUH D GHIHFW LQ VWHHO FDQ FDXVH GLV
PDWHULDOV 7KH SURGXFWV Rl FRUURVLRQ DUH IDU PRUH YRO
LV FRQILQHG WR WKH H[SRVHG VXUIDFHV RI DQ\ PHWDO &F
FRUURVLRQ SURGXFWV PD\ FDXVH GLVWRUWLRQ RU FUDFNLQ
ZKLFK WKH PHWDO PD\ HLWKHU EH HPEHGGHG RU ZLWK ZKLFK
WKH IDLOXUH Rl RWKHU EXLOGLQJ PDWHULDOV LQ WKLV ZD\ Pl
PHWDO GXH WR WKH IUHHU DFFHVV RI ZDWHU RU R[\JHQ WR
UHQHZHG GDPDJH RQ WKH DVVRFLDWHG EXLOGLQJ PDWHULDC
PDNLQJ WKH GHOHWHULRXV HIIHFWV RI FRUURVLRQ SURJUHVYV
RI GHVWUXFWLRQ LV RIWHQ LQFUHDVHG LV DOVR H[WUHPHO\ V

7KH FKDQJHV LQ DSSHDUDQFH DVVRFLDWHG ZLWK FRUURVLR
VXUIDFHV DIIHFWHG PD\ EH HLWKHU WKH VWHHO RU VRPH RWK
XQGHUQHDWK D FRUURGLQJ PHWDO HJ EURZQ VWDLQLQJ RQ
VXUIDFHV RI WKH FRUURGHG VWHHO WUDQVIHUV VRPH RI WK
DGMDFHQW PDWHULDO PDNLQJ DQ DQDHVWKHWLFDOO\ SOH
XQUHPRYDEOH RU XQGLVJXLVDEOH )LQDOO\ WKH IDLOXUH RI
RI ZDWHU LQWR WKH EXLOGLQJ DV PD\ RFFXU ZLWK VWHHO U
VHUYLFHVY DQG HTXLSPHQW
$ S5HVLVWDQFH WR &RUURVLRQ

JHUURXV PHWDOV DUH XVHG LQ FRQVWUXFWLRQ QRW IRU
SURSHUWLHV EXW EHFDXVH RI WKHLU PHFKDQLFDO SURSHUW
FKHDSQHVV DQG HDVH Rl HIWUDFWLRQ ,Q PRVW HQYLURQPHC
UHVLVWDQFH WR FRUURVLRQ ZKHQ FRPSDUHG ZLWK RWKHU F

@ ,Q VXPPDU\ WKLV IDFW FDQ EH DFFRXQWHG IRU E\ WKH |
ZLWK ZKLFK FDWKRGLF UHDFWLRQV FDQ SURFHHG RQ LWV VXU
FRQFHQWUDWLRQ FHOOV DUH IRUPHG DQG LLL WKH SRRU ¢
SURGXFWYV

7KHUH DUH WZR PDLQ JURXSV RI VWHHO LGHQWLILHG E\ PDH
DQG ORZ DOOR\ VWHHO %RWK DUH FODVVLILHG DV ORZ FDUE
FRQWHQW XS WR L ORZ DOOR\ VWHHO FDUERQ FRQWHC
FDUERQ FRQWHQW XS WR 7KH UROH RI FDUERQ LQ VWHF



KDGQHVY DQG VWUHQJIJWK RI WKH PDWHULDO EXW ZLWK UHIHU
OLPLWHG +RZHYHU WKH LQFOXVLRQ RI VPDOO DPRXQWV RI F
FRSSHU FKURPLXP DQG QLFNHO GRHV LQFUHDVH WKH UHVLVW
&RSSHU LOQWURGXFWLRQ RQWR PLOG VWHHO LQFUHDVHV U
VXFK VWHHOV DUH JHQHUDOO\ NQRZQ DV FRSSHU EHDULQJ VYV
KDV D FDUERQ FRQWHQW QRW H[FHHGLQJ WR ZKLFK VPD!
HOHPHQWYV XS WR VD\ LQ DOO KDYH EHHQ GHOLEHUDWHO\ |
/IRZ DOOR\ VWHHOV DQG WKH FRSSHU EHDULQJ VWHHOV DU
WKDQ RUGLQDU\ PLOG VWHHO WKH\ DUH QRW QHFHVVDULO\
WKHUHIRUH EHWWHU FRQVLGHUHG DV VORZ UXVWLQJ 7KH U
FRSSHU EHDULQJ DQG ORZ DOOR\ VWHHO LQ DQ LQGXVWULDO
DLU VKRZV WKDW FRUURVLRQ LV ULIH LQ WKH ILUVW \HDU DQ!
DGGLWLRQV DUH RI JUHDWHU SUDFWLFDO YDOXH LQ WKH PRUH
$QRWKHU FRQWULEXWLQJ IDFWRU WR WKH LQFUHDVHG UHVL
LV WKDW WKH PLOO VFDOH LV PRUH ILUPO\ KHOG WKDQ RQ PL(¢
RQ WKH PHWDO VXUIDFH GRHV QRW DIIHFW WKH RYHUDOO
VLIQLILFDQWO\ WKH ORFDOLVDWLRQ RI WKH DWWDFN GXH WR
HVWDEOLVKHG WKDW LQ VHDZDWHU WKH SHQHWUDWLRQ RI S
JUHDWHU ZLWK VWHHO ZLWK PLOO VFDOH WKDQ ZLWK VWHHO Z
7KH HIIHFW RI WHPSHUDWXUH RQ FRUURVLYHQHVYV RI VWHH(
SURFHHG PRUH UDSLGO\ DV WKH WHPSHUDWXUH ULVHV SDUWI
WKHUH LV D WZRIROG LQFUHDVH LQLWLDOO\ IRU HYHU\ UL
WHPSHUDWXUH $W KLJKHU WHPSHUDWXUHYV WKLV WHQGHQF\
OHVV VROXEOH
W KDV EHHQ PHQWLRQHG HDUOLHU DERXW WKH HIIHFW R
PRYHPHQW RIWHQ LQFUHDVHV WKH UDWH RI FRUURVLRQ E\ SU
WKH PHWDO VXUIDFH ZKLOH KLJK VSHHGV PD\ DOVR SUHYHQ
FRUURVLRQ SURGXFWY RU FDOFDUHRXV GHSRVLWY $GGLWLRQ
GHWULWXYV PD\ VHULRXVO\ DJJUDYDWH FRUURVLRQ LQ KDUERX!
J)LEQDOO\ LW VKRXOG DOVR EH QRWHG WKH HIIHFW RI FHPHC
VWHHO LV HPEHGGHG LQ RU LQ FRQWDFW ZLWK WKHP LV GHSH
RI PRLVWXUH RQ D QXPEHU RI IDFWRUV ZKLFK DUH DV IROORZ
v 7KH KLJKO\ DONDOLQH QDWXUH S K RI RI PRVW FHPHC(
QRUPDOO\ VXIILFLHQW WR LQKLELW UXVWLQJ



\Y

&DUERQDWLRQ RI WKH VXUIDFH OD\HUV ZKLFK UHVXOWV LQ
VLIWK PD\ HIIHFWLYHO\ VHDO WKH FRQFUHWH LI LW LV RI
FRQFUHWH VXFK VHDOLQJ GRHV QRW RFFXU 7KXV ZLWK GH
GHSWK RI FRYHU WR WKH VWHHO VXIILFLHQW XQFDUER
XQFDUERQDWHG WR SURWHFW WKH VWHHO IRU DW OHDVW
7KH TXDOLW\ RI FRQFUHWH LQ ZKLFK VWHHO LQ HPEHGGHC
LPSRUWDQW LI D FUDFN DQG WKH HQWU\ RI ZDWHU LV WR
SURPRWH FRUURVLRQ

7KH SUHVHQFH RI FKORULGHV IURP XVH RI VDOW FRQWDLOQL
WR DFFHOHUDWH KDUGHQLQJ ZLOO DOVR SURPRWH FRUURVL



$33(1',; % HQHWSGFIRULWKRR U \

7KLV $SSHQGL[ LV QRW LQWHQGHG DV D SUHVHQWDWLRQ R
DV D JXLGH WR IDPLOLDULW\ ZLWK WKHVH WHFKQLTXHV DQG
PHFKDQLFV RI *$ ZLWK VRPH VLPSOH H[DPSOHV WR DLG WKH
HILVW WKDW JR LQWR GHWDLO RI WKH FRPSOHWHQHVYV DQG FI
UHDGHU LV UHIHUUHG WR WKHVH IRU IXUWKHU GHWDLOV >*RO(
WKH PHFKDQLFV RI *$ DQG VHFWLRQ % FRQFHQWUDWHYV
HITHFWLYHQHVYV RI *$

% OHFKDQLVPV RI *HQHWLF $OJRULWKP

7KH *HQHWLF $OJRULWKP *$ LV D FODVV RI VWRFKDVWLF
ERUURZ LGHDV IURP QDWXUDO HYROXWLRQ DQG ELRIJHQHWLFV
vwuLQJvV RI SDUDPHWHUV ZLWK HDFK SDUDPHWHU UHSUHV
FRQVWUDLQHG E\ PLQLPXP DQG PD[LPXP YDOXHV (DFK pFDCQ
UHSUHVHQWHG E\ D VWULQJ RI JHQHYV uD FKURPRVRPHY RU
FKURPRVRPHVY GHSLFWHG LQ )LIJXUH % $ UDQGRPO\ FUHDWF
IRUP D VHW RI FDQGLGDWH VROXWLRQV SRSXODWLRQ Z Kk
WUDQVIRUPDWLRQ VXEMHFWHG WR JHQHWLF RSHUDWLRQV V)
PXWDWLRQ WR EH H[SODLQHG EHORZ DQG EHLQJ UDQNHG
VXUYLYH 1HZ JHQHUDWLRQV RI FKURPRVRPHY DUH IRUPHG E\
FKURPRVRPHYV MSDUHQWVT DQG VZDSSLQJ SDUW RI WKHI
FKURPRVRPH FURVVRYHU 7KH VHOHFWLRQ RI SDUHQWYV IDYR
WR PRUH HIIHFWLYH ILW VXEVHTXHQW SDUHQWY 2FFDVLRQD
D OLPLWHG QXPEHU RI FKURPRVRPHV RIIVSULQJYV LV PXWDW
XQH[SHFWHG GLUHFWLRQV LQ WKH VROXWLRQ VSDFH DQG DOO
ZKLFK GR QRW DSSHDU LQ QHLWKHU SDUHQW WR EH FUHDWH(
UHIHUUHG WR DV LWV plLWQHVVY EDVHG RQ WKH DGRSWHG |
FKDUDFWHULVHG E\ WKH IROORZLQJ L QRQ QHJIJDWLYH LL
ODUJHU ILWQHVYV VFRUHYV DQG LLL WKH HYDOXDWLRQ IXQFWL
HIHFXWHG TXLFNO\ 7KH ILUVW FKDUDFWHULVWLF LV QHHGHG
JLWQHVYV YDOXHV FDQ EH VFDOHG WR PDNH QHJDWLYH YDOXH
YDOXHV FDQ VLPSO\ EH VHW WR ]JHUR 7KH VHFRQG LV QHHGHC
LQGLYLGXDOV IRU UHSURGXFWLRQ 7KH VHOHFWLRQ SURFHVV
WKH LQGLYLGXDOV ILWQHVVHV WKXV WKH ODUJHU WKH ILWQ

%



JUHDWHU LV LWV SUREDELOLW\ RI UHSURGXFLQJ )LQDOO\
UHDVRQV VLQFH WKH HYDOXDWLRQ IXQFWLRQ ZLOO EH FDC
SDUDPHWHU FRGLQJ WKH HYDOXDWLRQ RI WKH LQGLYLGXDO P
WKH LPSOHPHQWHUYV RI WKH *$ FDQ UHDOO\ LPSDFW WKH UHVX

7R LPSURYH WKH UHVXOWYV RI *$ ILWQHVV VFDOLQJ LV IUH
HISDQGV RU FRQWUDFWYV WKH UDQJH RI ILWQHVV YDOXHV WR
7TKHUH DUH QXPHURXV VFKHPHV IRU ILWQHVYV VFDOLQJ RQH
OLQHDU VFDOLQJ 8VLQJ WKLV WHFKQLTXH WKH PD[LPXP ILWC
DYHUDJH ILWQHVY DQG DOO RWKHU ILWQHVVHY VFDOHG DFFRL
JLWQHVYV VFDOLQJ KDV WKH GXDO DGYDQWDJH RI SUHVHUYLQJ
JHQHUDWLRQV E\ SUHYHQWLQJ D VPDOO QXPEHU RI FKURPRVR
RI' VXUYLYLQJ LQGLYLGXDOV DQG LQ WKH ODWHU JHQHUDW
PDUJLQDOO\ EHWWHU LQGLYLGXDOV

7TKH UHTXLUHPHQWY IRU WKH HYDOXDWLRQ IXQFWLRQ DUF
UHTXLUHPHQWY IRU HYDOXDWLRQ IXQFWLRQV IRU RWKHU W
:KHUH *$ UDGLFDOO\ GHSDUWV IURP RWKHU DOJRULWKPV LV
SRLQWYV WR EH HYDOXDWHG &DOFXOXV EDVHG RSWLPLVDWLRC
IXQFWLRQV GHULYDWLYHV WR KLOO FOLPE WRZDUGV DQ RSV
FROQWULEXWLRQV RI VXFFHVVIXO LQGLYLGXDOV LQ RQH JHQHU
QH[W JHQHUDWLRQ 7KH ILUVW VWHS RI WKLV SURFHVV LV VH(
WR SURGXFH WKH QH[W JHQHUDWLRQ 6RPH GHJUHH RI UDQ
JHQHUDWLRQ RI RIIVSULQJ WR DOORZ WKH ZHDNHU EXLOGLQJ |
LQ RUGHU WR DYRLG SUHPDWXUH FRQYHUJHQFH WR IDOVH RSW

*$ GLIIHU IURP WUDGLWLRQDO RSWLPLVDWLRQ WHFKQLTX
>*ROGEHUJ D@ L WKH\ ZRUN ZLWK D FRGLQJ RI WKH SDU
WKHPVHOYHYV LL WKH\ XVH D SRSXODWLRQ RI VDPSOHV QRYV
SD\RII LQIRUPDWLRQ QRW DX[LOLDU\ LQIRUPDWLRQ RU GH
SUREDELOLVWLF WUDQVLWLRQ UXOHV QRW GHWHUPLQLVWLEF
LPSOHPHQWDWLRQ RI D *$ LV WKH SDUDPHWHU FRGLQJ 7KH
VFKHPDWD WKHRU\ WKH XQGHUO\LQJ WKHRU\ RI *$ WKDW H[S(
ZRUN LV WKURXJK ILWQHVY SURSRUWLRQDWH UHSURGXFW!
PDWKHPDWLFDOO\ WR EH QHDU RSWLPDO LQ VRPH VHQVHYV

7KH UDWLRQDOH EHKLQG *$ LV WKDW FDQGLGDWH VROXWLR
ZLOO KDYH D EHWWHU FKDQFH WR SDVV RQ WKHLU JHQHV V
SRSXODWLRQ 7KHUHIRUH WKH PRUH WKH SURJUDP LWHUDYV

%



JHQHUDWH D QHDU RSWLPDO VROXWLRQ 7KH PHDVXUH RI VXF
SRSXODWLRQ PHDQLQJ WKDW DOO WKH PHPEHUV RI WKH ¢
+RZHYHU FRQYHUJHQFH VKRXOG QRW EH DFFHSWHG ZLWKRXW
SRSXODWLRQ FRXOG YHU\ RIWHQ FRQYHUJH RQ D VXE RSWLPDC

JHQHO  JHQH JHQH JHQH Q JHQH Q

%XLOGLQJ WORFNV QGQGHQBNURPRVRPH

) LI X U &KURPRVRPH RU SRWHQWLDO 6ROXWLRQ 5HS

%LW VWULQJY FDQ EH XVHG WR HQFRGH PRUH WKDQ RQH Q
DQ\ QXPEHU RI SDUDPHWHUV WKDW DUH QHFHVVDU\ IRU WKH
DQDORJRXV WR FKURPRVRPHVY $ JURXS RI ELWV WKDW GHILQF
YDOXHVY WDNHQ RQ E\ WKH ELWY DUH DOOHOHYV 'LIIHUHQW *$
WKH PDWLQJ SRRO SLFN SDUHQWY FUHDWH RIIVSULQJVY RU C
&RPPRQ SDUDPHWHUV IRU *$ DUH SRSXODWLRQ VL]H PDWL
LWHUDWLRQVYV JHQHUDWLRQYV DQG QXPEHU RI RIIVSULQJV JHQ

7KH FRUUHFW EDODQFH EHWZHHQ H[SORLWDWLRQ DQG H[SO
RI D *$ ([SORLWDWLRQ RI WKH KLVWRULFDO LQIRUPDWLRQ F
JHQHUDWLQJ QHZ SRSXODWLRQV IURP WKH ROG ZKLFK OHDGV
WKH SRSXODWLRQ RYHU WKH LWHUDWLRQV ([SORUDWLRQ RI W
VROXWLRQ PD\ OLH LV DOORZHG WKURXJK WKH LQWURGXFWI
SUHYHQWY WKH SRSXODWLRQ IURP LPPHGLDWH FRQYHUJHQFH

*HQHUDOO\ WKH SUREOHP RI RSWLPLVLQJ D FRPSOH[ V\VWH
>5RVWRQ @ L VHOHFWLRQ RI PHDQV WR UHSUHVHQW D V
DPHQDEOH WR FRPSXWHU PDQLSXODWLRQ DQG LV DEOH WR LC
RI SDUDPHWHUYV LL VSHFLI\LQJ D ZzD\ WR HYDOXDWH WKH SHL
Rl H[SUHVVLQJ WKH GHVLUHG UHVXOWYV DQG LLL XVLQJ D VF
GHVLJQ VSDFH RSWLPLVHV WR ILQG YDOXHV RI SDUDPHWHU\
IRU WKH UHTXLUHG YDULHW\ RI WDVNV LQ D PLQLPXP WLPH

7KH *$ SURFHVV LV VXPPDULVHG XVLQJ WKH IROORZLQJ DOJ

%



VWD U W
LQLWIBROKYBWLRQ W AUDQGRP VHOHFWLRQ
IURP DOORZDEOH VSDFH"
HYDOXI{OWHLGXDOV LQ 3RSXODWLRQ W
ZKLOWHUPLQDWLR QQRRVQGD WERRRXMGHUJHQFH"
GRALWHUDWLYH ORRS®
VWDUW
W W
VHOHFWHOUHQWY W IURP 3RSXODWLREDWHG RQ WKHLU
ILWQHVV"
UHFRPEL®QMNLGXDOV LQ 3RSXODWLRQO@XWLQJ JHQHWLF
RSHUDWLRQV®
HYDOXMWHYLGXDOV LQ 3RSXODWLRQ W
HQG
HQG

JLIXUH % *$ B3URFHVYV

7R LQLWLDOLVH WKH SURFHGXUH WKH SRSXODWLRQ LV F
PHPEHUV IURP WKH DOORZDEOH VSDFH EDVHG RQ WKH PHWKF
7TKHQ HDFK RI WKH PHPEHUV LQ WKH SRSXODWLRQ LV HYDOXI
HOQOWHUHG LQ ZKLFK VRPH PHPEHUV RI WKH SRSXODWLRQ DUH \
EDVHG RQ WKHLU ILWQHVY 7KHVH PHPEHUV DUH UHFRPELQHG
QH[W JHQHUDWLRQ DQG ILQDOO\ WKH PHPEHUV RI WKH QHZ J
VWHS RI WKH DOJRULWKP LV VKRZQ LQ )LIXUH %

7KH PRVW FRPPRQ W\SHV Rl *$ XVHG DUH ELW VWULQJ JHQF
UHSUHVHQW WKH SDUDPHWHUV E\ D ELQDU\ VWULQJ 1RQ ELQTI
EXW WHQG WR EH PRUH FRPSOH[ ZLWKRXW \LHOGLQJ DQ\ EHC
XVHG WR UHSUHVHQW DUELWUDULO\ ODUJH LQWHJUDO YDOXH
UHSUHVHQW QRQ LQWHJUDO YDOXHV W LV LPSRUWDQW WR QF
LV QRQ FROQWLQXRXVY DQG LW LV SRVVLEOH WKDW WKH RSW
H[SUHVVHG XVLQJ WKLV PHWKRG LUUDWLRQDO QXPEHUV IRL
WKH UHTXLUHG DFFXUDF\ RI WKH DQVZHU LV NQRZQ DQG D
UHSUHVHQWDWLRQ ZLOO \LHOG DQVZHUV RI VXIILFLHQW DFFXU



% 3HUIRUPDQFH IDFWRUV

2QFH D *$ LV GHVLJQHG DQG UHDG\ WR UXQ WKH LPSOHPHQ
RI VHOHFWLQJ DSSURSULDWH *$ FRQWURO SDUDPHWHUV 3
SDUDPHWHUV LV QHFHVVDU\ WR PD[LPLVH WKH SUREDELOLW\
UHVXOWY ORUH DERXW *$ WHFKQLTXHV FDQ EH IRXQG LQ >*RO

.RID > @ LGHQWLILHVY WZHOYH QXPHULFDO TXDQWLWD
TXDOLWDWLYH SDUDPHWHUV IRU XVH ZLWK *HQHWLF 3URJUDI
GHVFULEHV VHYHQ QXPHULFDO DQG DOO TXDQWLWDWLYH SDL
RQHV WR *$ GHVLJQ
% 1XPHULFDO &RQWURO 3DUDPHWHUV
% 3RSXODWLRQ 6L]H

7KH ILUVW VWHS LQ WKH JHQHWLF DOJRULWKP LV WR GHWI
VL]IH WKH QXPEHU RI LQGLYLGXDOV LQ WKH SRSXODWLRQ
SRSXODWLRQ 3RSXODWLRQ VL]H QSRSVL] 1 FDQ EH GHWHUF
UHVXOWV >*ROGEHUJ E@ RU FDQ EH GHWHUPLQHG HPSL
SRSXODWLRQ VL]H ZLOO \LHOG EHWWHU UHVXOWY DOWKRXJK
7KH FRPSRVLWLRQ RI WKH LQLWLDO SRSXODWLRQ LV GHWHUI
SRRUO\ ZLWK YHU\ VPDOO SRSXODWLRQ VL]JHV 1 EHFDXVH
LQVXIILFLHQW VDPSOH IRU PRVW K\SHUSODQHV >*UHIHQVWH\
GLVFRXUDJHV SUHPDWXUH FRQYHUJHQFH WR VXE RSWLPDO V¥
UHTXLUHV PRUH HYDOXDWLRQV SHU JHQHUDWLRQ UHVXOWLQ.
FRQYHUJHQFH

3RSXODWLRQ VL]H QSRSVL] LV DVVXPHG DV LQGLYLGX
SUREOHPV D KXQGUHG LQGLYLGXDOV DV UHFRPPHQGHG E\ >*
HQRXJK $ FUXGH SRSXODWLRQ VFDOLQJ ODZ EDVHG RQ >*ROC

@ JXLGHG WKH VL]H RI QSRSVL]

QSRSVR]UGHU>N2 IRU ELQDU\N FRGLQJ %

ZKHUH , HTXQOFKWRPBRIXPEHU RI ELQDU\ ELWV LQ WKH FKUF
HTXD@OAKURPH QSDQQE®EIFODUDRLFK QXPEHU RI SDUDPHWHUYV
"KHQ WKH XQLIRUP FURVVRYHU DQG QLFKLQJ LV WXUQHG R

RYHUNLOO DQG FDQ EH HDVLO\ UHGXFHG E\ KDOI , I PLFUR
EHFRPHV YRLG
% I1XPEHU RI *HQHUDWLRQV S WHUDWLRQV

JRU WKH QXPEHU RI WHVW VHOHFW UHSURGXFH F\FOHV VH

%



JHQHWLF DOJRULWKPV FDQ EH DVVHVVHG LQ PDQ\ ZD\V &RQY
REYLRXV RQHV EXW HYHQ +ROODQG DV HDUO\ DV LQ UHD
D XVHIXO SHUIRUPDQFH PHDVXUH DV WKHUH LV DOZD\V D GD
WKH JOREDO EXW WKH ORFDO RQH ,W LV LPSRVVLEOH WR ILQ
VI\VWHPV WKDW FRQYHUJH WR JOREDO RSWLPD 6XFK SURFH
UHTXLUH DOUHDG\ H[FHVVLYHO\ ORQJ FRPSXWLQJ WLPH 7R DY
HQWUDSSHG LQ D ORFDO RSWLPXP YDULRXV PHWKRGV DI
LPSURYHPHQWY WR WKH VHDUFKLQJ PHFKDQLVPV LL REVHU)
RSWLPXP LV DUULYHG DW LLL DQDO\WLQJ WKH HIILFLHQF\ RI
DSSURDFKHVY WKH RSWLPXP RU LY WKH DQDO\VLV RI WKH TXI
WKH LOQOWHUPHGLDWH VWDJHV

$V WKH SUREOHP XQGHU LQYHVWLIJDWLRQ LV D FRPSOH[ RQF
VSDFHVY WKH DSSURDFK RI PRQLWRULQJ WKH SHUIRUPDQFH \
FXUUHQW RSWLPD LV DGRSWHG )URP WKH W\SLFDO IRUP RI W

@ LW LV HYLGHQW WKDW WKH PDMRU LPSURYHPHQWYV WHQ(
Rl VHDUFK $ PD[LPXP QXPEHU RI LWHUDWLRQV PXVW EH FKRVI
WRR DPELWLRXV 7KH TXDOLW\ RI VROXWLRQ FDQ EH LPSURYHC
WR WKH GHVLIQHU WR GHFLGH KRZ ORQJ WR ZDLW
% 1XPEHU RI 21I1VSULQJV IURP (DFK ,WHUDWLRQ

$Q RSWLRQ IRU WKH QXPEHU RI FKLOGUHQ SHU SDLU RI SD
SURJUDP
% SBUREDELOLW\ RI 6LQJOH 3RLQW DQG 8QLIRUP &URVVRYHL

&URVVRYHU LV RQH RI WKH PRVW SRZHUIXO JHQHWLF RSHUD
UDWH & UDQGRP QXPEHU LQGLFDWLQJ ZKHWKHU WKH FURVYV
PRUH TXLFNO\ QHZ VWUXFWXUHY DUH LQWURGXFHG LQWR WKF
KLIJK KLJK SHUIRUPDQFH VWUXFWXUHY DUH GLVFDUGHG IDVWF
LPSURYHPHQW :LWK & EHLQJ WRR ORZ WKH H[SORUDWLRQ
VHDUFK VWDJQDWHYV

&KRRVLQJ DW UDQGRP D VLQJOH SRVLWLRQ LQ ERWK SDUHC(
SRLQW FURVVRYHU DQG WKH SDUWV DIWHU WKH FURVVRYHU ¢
QHZ RIIVSULQJV $OWKRXJIK ELRORJLFDO SURFHVVHV LQVS|
DOJRULWKPLF FRXQWHUSDUW KDV GUDZEDFNV DV LW FDQQOR
FRPELQDWLRQV RI IHDWXUHVY HQFRGHG LQ FKURPRVRPHV 7KH
FURVVRYHU SRLQWYV DUH H[SHULPHQWHG ZLWK E\ *$ SUDFWLW
OLQN FHUWDLQ FRPELQDWLRQV RI SUHIHUUHG IHDWXUHYVY VR S

%



LYZURGXFHG >6\VZHUGD @ DQG >6SHDUV DQG 'H -RQJ (
SURGXFHG RXW RI WZR SDUHQWV ZLWK HDFK ELW SRVLWLRQ
GHFLGHG ZKLFK SDUHQW LW RULJLQDWHV IURP $Q H[FKDQJH
ZKHQ WKH SUREDELOLW\ SFURVV WHVW LV SDVVHG 7KH VXFF
W\SH Rl FURVVRYHU GHSHQGY DPRQJ RWKHU IDFWRUV RQ VXF
W\SH Rl HQFRGLQJ $OWKRXJIJK WKH VRIWZDUH KDV DQ RSWLRC(
XQLIRUP RQH LV UHFRPPHQGHG DQG DOO WKH WHVWV DUH
([SHULPHQWY LQGLFDWH WKDW D FURVVRYHU SUREDELOLW\ RI
UHVXOWV +RZHYHU XVLQJ WKH FURVVRYHU UDWH RI LV QF
ZLGHO\ UHFRJQLVHG WKDW WKHUH DUH PDQ\ ILWQHVV IXQFWLF
VHWWLQJY DUH QRW RSWLPDO
% BUREDELOLW\ RI 5BHSURGXFWLRQ

SBUREDELOLW\ RI UHSURGXFWLRQ LV DV ZH LQWHQG WR
QR VSHFLDO DOORZDQFH QHHGY WR EH PDGH IRU WKLV LQ WKI
% BUREDELOLW\ RI &UHHS DQG -XPS OXWDWLRQ

$OWKRXIJK WKH FURVVRYHU LV FRQVLGHUHG WKH PDMRU
LQQRYDWLRQ LQ *$ PXWDWLRQ V LPSRUWDQFH DV WKH WRRO
SDUWLFXODU ORFXV LV ZLGHO\ UHFRJQLVHG ,Q D VLPSOH *§%
LPSRUWDQW RSHUDWRU LV WKH RFFDVLRQDO ZLWK VPDOO S
YDOXH RI WKH VWULQJ SRVLWLRQ DQG LQ ELQDUN FRGLQJ LW F
YHUVD >*ROGEHUJ D@ :KHQ XVHG ZLWK RWKHU RSHUDWRL
ORVV RI YLWDO LQIRUPDWLRQ LV DYRLGHG $ ORZ OHYHO RI P>
DO\ JLYHQ ELW SRVLWLRQ IURP UHPDLQLQJ IRUHYHU FRQYHUJ}I
RI PXWDWLRQ \LHOGY DQ HVVHQWLDOO\ UDQGRP VHDUEFK

, QLWLDO GHWHUPLQDWLRQ WR VHH LI D SDLU RI LQGLYLGXD
FURVVHG RU DQ LQGLYLGXDO ZLOO XQGHUJR D PXWDWLRQ LV
LQGLFDWH WKDW DQ DFFHSWDEOH PXWDWLRQ SUREDELOLW\ LV

,Q WKLV WKHVLVY D WUDGLWLRQDO MXPS PXWDWLRQ RQ D |
DLGHG ZLWK FUHHS PXWDWLRQ RU UHDO QXPEHU FUHHS >'DYL
FUHHS RSHUDWRU LV WKDW D FKURPRVRPH WKDW LV UHSURG
SRVLWLRQ LQ UHODWLRQ WR RWKHU PHPEHUV RI WKH SRSXODV
EURZVH DURXQG WKH FXUUHQW SRVLWLRQ WR VHH LI D PRYHP
GHWHFWHG 7KH FUHHS PXWDWLRQ PRYHV DORQJ WKH FKURP
HDFK SDUDPHWHU E\ DQ LQFUHPHQW E\ ZKLFK WKH SDUDPHW
DFKLHYHG E\ FRQYHUWLQJ WKH ELQDU\ HQFRGLQJ LQWR D



FRQHUWLQJ EDFN W LV D JRRG SUDFWLFH WR KDYH WKH VDF
PXWDWLRQV DQG WKLV KDSSHQV ZKHQ

SPXWDWH %
QSRSVL]

SFUHH FRP%SPXWDWH %
QSDUDP

ZKHU$%P XWDWHWKH MXPS PXWDWLBE USHHRSE WKLIHO ISWR BPQEL O L W!
FUHHS PXWDWLRQ &UHHS PXWDWLRQ SUREDELOLW\ HTXDOV ]H
% SUREDELOLW\ RI '"HFLPDWLRQ DQG '"HFLPDWLRQ 3HUFHQW

'"HFLPDWLRQ LV WKH RSHUDWLRQ RI UHPRYLQJ VRPH SRUW
IXUWKHU FRQVLGHUDWLRQ 7KLV FDQ EH XVHIXO LQ WKH LQLWI
PHPEHUV WKDW KDYH SRRU ILWQHVV 7R XVH WKH GHFLPDWLRC(
ODUJHU WKDQ WKH DFWXDO SRSXODWLRQ LV JHQHUDWHG ,PI
LQLWLDO SRSXODWLRQ ILWQHVV SURSRUWLRQDWH VHOHFWLRC
WKH DFWXDO SRSXODWLRQ 7KH DXWKRU VHHNV LPSURYHPHQW
WHFKQLTXHYVY HOLWLVP QLFKLQJ DQG PLFUR *$%

% 4XDOLWDWLYH &¢RQWURO 3DUDPHWHUV

% *HQHUDWLQJ ,QLWLDO 3RSXODWLRQ
7KH LQLWLDO SRSXODWLRQ LV UDQGRPO\ VHOHFWHG
% 6HOHFWLRQ OHFKDQLVPYV

*HQHWLF HYROXWLRQ LV JUHDWO\ LQIOXHQFHG E\ QRW RQ
LOQWURGXFHG LQWR WKH SRSXODWLRQ EXW DOVR WKH ZD\ W
LOQVLGH WKH SRSXODWLRQ 6HOHFWLRQ PHWKRGV LQIOXHQFH
DQRG DOVR FRUUHVSRQG WR QDWXUH DQG VSHHG RI FRQYHUJ
>7TKLHUHQV DQG *ROGEHUJ @ 7KHUH DUH D QXPEHU RI VHO
XVHG ZLWK WKUHH EDVLF DSSURDFKHYV L VWRFKDVWLF VDP:
DQG LLL PL[HG VDPSOLQJ ,Q VWRFKDVWLF VDPSOLQJ VHOHFW
QXPEHU RI FRSLHVY WKDW HDFK FKURPRVRPH ZLOO UHFHLYH E
DQG EHVW NQRZQ LQ WKLV FODVV DUH SURSRUWLRQDWH UHSU
DQRG UDQNLQJ VHOHFWLRQ "HWHUPLQLVWLF VDPSOLQJ XVXDO(
IURP WKH VHOHFWLRQ VSDFH WKH JHQHUDWLRQ@DO SDUW RU I
RI WKH GHWHUPLQLVWLF DSSURDFK DQG WKH FODVVLFV KHUH
SVWHDG\ VWDWH" VHOHFWLRQ E\ 6\VZHUGD > @ OL[HG VDPS
DQG GHWHUPLQLVWLF IHDWXUHV VLPXOWDQHRXVO\ DQG D W

%



WXUQDPHQW VHOHFWLRQ 7KH DXWKRU XVHV LQ KHU *$ GULYF
PLFUR *$ LV XVHG

% "HLIKWHG 5RXOHWWH :KHHO

7KH PRVW EDVLF VHOHFWLRQ DOJRULWKP LV VWRFKDVWLF
YLVXDOLVH WKLV VFKHPH LPDJLQH D ZHLIJIKWHG URXOHWWH Z|
WR ILWQHVYV RI WKH LQGLYLGXDOV DV LQ )LIJXUH % EHORZ

JLIXUH % "HLIKWHG 5RXOHWWH :KHHO

MESLQQLQJY WKLV ZKHHO ZLOO \LHOG SUREDELOLVWLFDOUC
LQGLYLGXDOV ZLWK KLIJKHU ILWQHVVHY DQG D ORZHU SHUFHQ!
7TKH ZKHHO LV VSXQ 1 WLPHV ZKHUH 1 QSRSVL] 2Q HDFK VSLC
ZKHHOYY PDUNHU LV VHOHFWHG WR EH LQ WKH SRRO RI SDUH
SUREOHP ZLWK WKLV PHWKRG LV WKDW LW LV WRR UDQGRP D
DUH IUHTXHQWO\ REVHUYHG $ VFKHPH WKDW \LHOGV EHWW|
VWRFKDVWLF VDPSOLQJ ZLWKRXW UHSODFHPHQW >*ROGEHI
FRPSULVLQJ WKH QH[W JHQHUDWLRQ DUH IRXQG E\ ILUVW FDO
FRSLHY WKDW WKH LQGLYLGXDOV LQ WKH FXUUHQW JHQHUDWL
WKH LQWHJUDO SDUWV Rl WKH H[SHFWHG FRQWULEXWLRQV I
VXFFHHGLQJ JHQHUDWLRQ LV IRXQG SUREDELOLVWLFDOO\ XVL
7TKHUHIRUH UDWKHU WKDQ VSLQ WKH URXOHWWH ZKHHO 1 WL
VDPSOLQJ VSLQV WKH ZKHHO RQFH EXW ZLWK 1 HTXDOO\ VSDF
VHOHFW 1 SDUHQWYV

JLWQHVYV SURSRUWLRQDWH VHOHFWLRQ HDUO\ RQ RIWHQ
HISORLWDWLRQ RI KLJKO\ ILW VWULQJY DW WKH H[SHQVH RI
VHDUFK VSDFH
% TRXUQDPHQW 6HOHFWLRQ

7KH FRPSHWLWLRQ IRU SURGXFLQJ WKH QH[W JHQHUDWLRC(
WRXUQDPHQW VHOHFWLRQ ZLWK D VKXIIOLQJ WHFKQLTXH IRU
3DLUV RI LQGLYLGXDOV DUH FKRVHQ UDQGRPO\ IURP D SRSXO
WZR LV VHOHFWHG ZLWK IL[HG SUREDELOLW\ >*ROGEHUJ DQG

%



HDFK JHQHUDWLRQ KDV WKH VDPH VL]H DV WKH RULJLQDO RQ
WKH SUHYLRXV JHQHUDWLRQ LV QRW FRSLHG LQWR WKH QHZ R
E\ LW XQOHVV WKH HOLWLVW RSWLRQ LV VZLWFKHG RQ
% 5DQNLQJ 6HOHFWLRQ

%DNHU > @ LQWURGXFHG WKH QRWLRQ RI UDQNLQJ VHOHF
SRSXODWLRQ LV VRUWHG RXW IURP EHVW WR ZRUVW DQG UDQ
HDFK LQGLYLGXDO VKRXOG UHFHLYHG LV DVVLJQHG DFFRUGLG
IXQFWLRQ 7KHQ WKH SURSRUWLRQDWH VHOHFWLRQ LV FDUUL
7KH H[SHFWHG YDOXH RI HDFK LQGLYLGXDO GHSHQGV RQ LWV
ILWQHVV 7KHUH LV QR QHHG WR VFDOH ILWQHVVHV LQ WKLV I
ILWQHVVHV DUH REVFXUHG 'LVFDUGLQJ RI DEVROXWH ILW
DGYDQWDJHVY DYRLGLQJ SUHPDWXUH FRQYHUJHQFH IRU H[D
PD\ EH LPSRUWDQW WR NQRZ WKDW RQH LQGLYLGXDO LV IDU
5DQNLQJ DYRLGV JLYLQJ WKH JUHDWHVW VKDUH RI RIIVSULQ.
LQGLYLGXDOV DQG WKHUHIRUH UHGXFHV WKH VHOHFWLRQ SU
KLJK 5DQN VHOHFWLRQ LV VLPLODU WR WRXUQDPHQW VHOHFV
EXW LV FRPSXWDWLRQDOO\ OHVV HIILFLHQW DQG OHVV DPHQDI
% *HQLWRU DQG *6WHDG\ 6WDWH  6HOHFWLRQ

*HQLWRU VHOHFWLRQ >:KLWOH\ @ ZRUNV LQGLYLGXDO
RIIVSULQJ IRU ELUWK DFFRUGLQJ WR OLQHDU UDQNLQJ DQ
LQGLYLGXDO IRU UHSODFHPHQW 2QO\ D IHZ LQGLYLGXDOV D
XVXDOO\ D VPDOO QXPEHU RI WKH OHDVW ILW LQGLYLGXDOV E
DQG PXWDWLRQ RI WKH ILWWHVW LQGLYLGXDOV 6WHDG\ VWD\
UXOH EDVHG V\VWHPV LQ ZKLFK LQFUHPHQWDO OHDUQLQJ LV L
E\''H -RQJ DQG 6DUPD > @ ,QIRUPDO WHVWLQJ DQG FRPSDL
DQ\ RI WKH SUHYLRXV WKUHH JHQHUDWLRQDO DSSURDFKHYV
SUREOHPV VWHDG\ VWDWH *$ ILQG DV JRRG RU EHWWHU VR
SURJUDP RQH PHPEHU LV UHSURGXFHG LQ HDFK JHQHUDWLRQ
PHPEHU DFFRUGLQJ WR LWV ILWQHVV DQG PDNLQJ D FRS\ ,Q
SRSXODWLRQ D UDQGRPO\ VHOHFWHG PHPEHU LV GHOHWHG
HDFK PHPEHU LQ WKH SRSXODWLRQ LV LQFUHDVHG LQ QXPEF
EHLQJ VHOHFWHG IRU UHSURGXFWLRQ DQG GHFUHDVHG DFF
GHOHWHG
% $SSOLFDWLRQ OHWKRG RI 5DQNLQJ 6HOHFWLRQ OHWKRG

'KLOH DSSO\LQJ PLFUR *$ WKH VHOHFWLRQ VWUDWHJ\ KD

%



6LQAMKH SRSXODWLRQ LV VR VPDOO WKH ODZ RI DYHUDJHV
VHOHFWLRQ VWUDWHJI\ LV NHSW SXUHO\ GHWHUPLQLVWLF ,Q
WKH VWULQJV DUH JURXSHG UDQGRPO\ DQG DGMDFHQW SDLUV
SRVLWLRQV LQ WKH QH[W JHQHUDWLRQ 7KH WRXUQDPHQW
RXWFRPH ZKHQ LV XVHG RQ ORFDO VHOHFWLRQ SRROV DIWHU
WKLV SDUWLFXODU IHDWXUH LV QHFHVVDU\ ZKHQ XVLQJ PLFUR
| KRZHYHU XVH RI WKH PLFUR *$ LV VXVSHQGHG WKHUH
VHOHFWLRQ VFKHPHV EDVHG RQ UDQNLQJ 7KH PRVW SURPL)
*HQLWRU DOJRULWKP 7KLV DSSURDFK VXJJHVWVY WKDW DOORF
WR UDQN LV VXSHULRU WR ILWQHVV SURSRUWLRQDWH UHSUR®
FRQWURO ZKLFK LV QRW SRVVLEOH ZLWK SURSRUWLRQDWH
IXQFWLRQ WUDQVIRUPDWLRQ WKDW DVVLJQV D QHZ ILWQHVYV
SHUIRUPDQFH UHODWLYH WR RWKHU JHQRW\SHV $ ZHOO WHV\
VXJJHVWV WKH IROORZLQJ VHTXHQFH RI VWHSV LQ RUGHU WR |
&DOFXODWH WKH ELDV Rl WKH SRSXODWLRQ

ELDV VHOHFwLYH SSYMVUXGRHVY RI-WKH SRSXODWLRQ

DYHWBDJLWQHVYV

6RUW RXW PHPEHUV RI WKH SRSXODWLRQ GHSHQGLQJ RQ |
JRU ELDV XS WR DQG LQFOXGLQJ D OLQHDU IXQFW
UHSURGXFWLYH WULDOV 7KH IXQFWLRQ VXJIJHVWHG E\ :KLWOH

ELDV DV ELDV [ UDQG
LQGH] SRSXODWLRQ VL

ZKHUH UDQG UHWXUQV D UDQGRP IUDFWLRQ EHWZHHQ DQG

JRU VHOHFWLYH SUHVVXUHV JUHDWHU WKDQ D QRQ ¢
$ VHOHFWLYH SUHVVXUH RI ; LPSOLHV WKDW ; RI DOO UHSUR
WRS UDQNHG SRVLWLRQ LQ WKH SRSXODWLRQ ; RI WKH UHPL
VHFRQG UDQNHG SRVLWLRQ HWF $Q\ UHVLGXDO RSSRUWXQLWL
% OHWKRG IRU 6HOHFWLQJ 6HFRQG 3DUHQW

6DPH DV WKH PHWKRG IRU VHOHFWLQJ WKH ILUVW SDUHQW
% JLWQHVYV 6FDOLQJ

7R LPSURYH WKH UHVXOWYVY RI *$ ILWQHVV VFDOLQJ LV IUH
PDSV WKH UHDO ILWQHVY YDOXH WR H[SHFWHG YDOXHV LQ RUC

%



SUHPDWXUH FRQYHUJHQFH )LWQHVV VFDOLQJ H[SDQGV RU F
YDOXHV WR ILW VRPH SUHGHWHUPLQHG UDQJH 7KHUH DUH V
VFDOLQJ WKH PRVW HIIHFWLYH RQH LV OLQHDU VFDOLQJ 7KH
Q W\SLFDOO\ WLPHY WKH DYHUDJH ILWQHVV DQG DOO
DFFRUGLQJO\ )LWQHVV VFDOLQJ KDV WKH GXDO DGYDQWDJH |
ERWK L WKH HDUO\ JHQHUDWLRQV E\ SUHYHQWLQJ D VPDOC
GRPLODWLQJ WKH SRRO RI VXUYLYLQJ LQGLYLGXDOV DQG LL
VHOHFWLQJ PDUJLQDOO\ EHWWHU LQGLYLGXDOV
% 2YHU 6HOHFWLRQ

2YHU VHOHFWLRQ LV D PHDQV WR VHOHFW D KLJKHU SURSRU
SRSXODWLRQ .R]D > @ XVHV WKLV PHWKRG IRU SUREOHPYV
2YHU VHOHFWLRQ LV LPSOHPHQWHG E\ ILUVW UDQN RUGHUL
SRSXODWLRQ LQWR WZR JURXSV WKH ILUVW JURXS FRQWDLC
LQGLYLGXDOV DQG WKH VHFRQG JURXS FRQWDLQLQJ WKH
VHOHFWLRQ D KLJKHU SHUFHQWDJH RI WKH LQGLYLGXDOV DUF
VHFRQG 7KLV LV QRW LPSOHPHQWHG IRU *$ VLQFH WKH VHO
KDYH VRPH RI WKH SUREOHPY DVVRFLDWHG ZLWK WKH SXUH
PHWKRG RI VDPSOLQJ XVHG E\ .R]D
% (OLWLVP

,Q HDFK JHQHUDWLRQ VRPH VPDOO QXPEHU RI WKH EHVW
FDQ EH FRSLHG GLUHFWO\ LQWR WKH QH[W JHQHUDWLRQ WKH
WA\SLFDOO\ D ORZ SUREDELOLW\ 7KLV ZLOO WHQG WR PDNH W
LQFUHDVH ZLWK WLPH DV WKH EHVW LQGLYLGXDOV ZLOO SHUYV
WKH LQGLYLGXDOV LV WKHUHIRUH DGGHG LQ RUGHU WR HQ
SRSXODWLRQ SURGXFHV RIIVSULQJ LQ WKH QH[W JHQHUDWLR
SRWHQWLDO VRXUFH RI ORVV E\ FRS\LQJ WKH EHVW PHPEHU
VXFFHHGLQJ JHQHUDWLRQ 7KH HOLWLVW VWUDWHJ\ PD\ LQFUFL
SRSXODWLRQ E\ D VXSHU LQGLYLGXDO EXW RQ EDODQFH L
DOJRULWKP SHUIRUPDQFH
% 9DOXHV RI &RQWURO 3DUDPHWHUYV

7KH YDOXHV RI WKH FRQWURO SDUDPHWHUYV DUH JLYHQ IRL
H[SHULPHQWY $OWKRXJK WKH SUHIHUDEOH DSSURDFK ZRXOG
LWV RZQ SDUDPHWHUV G\QDPLFDOO\ GXULQJ WKH VHDUFK Wk
FDQ EH SHUIRUPHG LQ D UHDVRQDEOH DPRXQW RI WLPH ZRX(
HYDOXDWLRQV WR PRGLI\ LWV VHDUFK WHFKQLTXHV WR DQ\ VL

%



$33(1',; & WHHBXUIDF3HVWRUDWRLR@ QGBVW HPV

& &RPPHUFLDO 6WHHO 6XUIDFHV SHVWRUDWLRQ 7RROV

1HOFR ODQXIDFWXULQJ RRWSR UDW@R Q
( $37'& +HSD W\SH ILOWHU VXUIDFH SUHSDUDWLRQ W?Z
FROOHFWRU V\VWHP ZLWK PP ZLGH EODVW VWULS SRZt
SKDVH PRWRU IRU WKH EODVWHU DQG +3 Y SKDVH PRW
UHTXLUHV PP GLVWDQFH IURP WKH REVWDFOHV VHOI SURS
GXFW KRVH DQG P HOHFWULFDO FDEOH EODVW KHDGTYV VI
PP : DQG ZHLJKW *V GXVW FROOHFWRUYV VL]H PF
PP : DQG ZHLJKW *V DSSOLFDWLRQ GRZQZDUGV RQO
GHENV
$& '"HFN %ODVWHU WZR FHOO XQLW SRZHUHG E\ +3 SQHX
PP DzZD\ IURP WKH REVWDFOHV XVHV VWHHO JULW PP Z
VL]H PP / [ PP + | © DQG ZHLJKW .*V  DSSOL
GRZQZDUGV RQO\
ct- *+DQG +HOG  9HUWLFDO PP ZLGH EODVW VWULS +
PRWRU KRUL]JRQWDO YHUWLFDO DQG RYHUKHDG KRSSHU\
DSSOLFDWLRQ SHUSHQGLFXODU WR WKH VXUIDFH RI XQUHYV
(9 9HUWLFDO PP EODVWLQJ ZLGWK DYDLODEOH ZLWK +:
GULYH PRWRU UHPRWH FRQWURO EODVW KHDG VL]H RI WKF
[ PP + DQG ZHLJKW .*V VXLWDEOH IRU YHUWLFDO RI
HDVLO\ PRXQWDEOH RQ DQ\ PRELOH DQG OLIWLQJ YHKLFOHV
(9 9HUWLFDO GHVLJQHG WR FOHDQ DQJOH RI D VKLS K
+3 HOHFWULF PRWRU DEOH WR EODVW YHUWLFDOO\ RU KI
PP : [ PP + DQG ZHLJKW .*V HDVLO\ PRXQWDEOH RQ
OLIWLQJ YHKLFOHYV
7UHODZIQHXPDWLF>7TRRIOWDZQ\ @
6SHFLDOLVHY LQ GHYHORSPHQW RI WKH SQHXPDWLF SHUFX\
796 7RRO DQG 9DFXXP 6\WWHPV

9DFXXP 7\SH &\OLQGULFDO GUXP RI KHLJKW PP DQG
UHFRYHU\ FDSDFLW\ OLWUHVY HOHFWULFDOO\ SRZHUHG
9DFXXP 7\SH &\OLQGULFDO GUXP RI KHLJKW PP DQG Z

UHFRYHU\ FDSDFLW\ OLWUHVY HOHFWULFDOO\ SRZHUHG



0&89 OXOWL &RPSRQHQW 9DFXXP SRUWDEOH OLWUHV +(3%
DGDSWHU FDSDEOH RI UXQQLQJ WRROV VLPXOWDQHRXVO\

$FFHVVLEOH WRROV LQFOXGH

1HHGOH 6FDOHUV ZHLJKW KV SHUSHQGLFXODU RULHQWD

337 3HHQLQT 3UHS 7RROV ZLGWK RI WKH FOHDQHG VWULS
ZHLIKW .*V SHUSHQGLFXODU RULHQWDWLRQ WR DQ\ VXUI

6) 6KURXGHG )ORRU 6FDOHU ZLGWK PP PP VWULS DL

.*V SHUSHQGLFXODU DQG GRZQZDUG RULHQWDWLRQ WR
65%$ 6KURXGHG 5LJKW $QJOH *ULQGHU +3 SRZHU VRXUFH
VWULS ZHLJKW VO LQ ZHLIKW  SHUSHQGLFXODU RUL
HVVHQWLDO
0 $EUDVLYH 6\VWHPV>'DYLVL®&Q

+HDY\ 'XW\ 5RWR 3HHQ OHDYHV D EDUH PHWDO VXUIDFH ZL!
GRHV QRW UHTXLUH FRPSOHWH FRQWDLQPHQW " RU 7~ ZLG\

6FRWFK %ULWH &RDWLQJ 5HPRYDO 'LVFV GLD " WR ° PD]

530 GLVFV FDQ EH XVHG RQ ULJKW DQJOHV PLQL DQJ¢
JULQGHUYV
'H . OHLMQ %' .OHLMQ % 9 @

.9 O9DFXXP DQG $EUDVLYH 5HFRYHU\ 6\VWHP DLU SRZHUH
WKH UHPRYDO RI GXVW DQG DEUDVLYHV 'HYHORSHG WR ZRI
JLOWHU 8QLW KHLIJKW FP SUHVVXUH EDU HPSW\
UHTXLUHPHQW P PLQ GLDPHWHU YDFXXP KRVH f
YDFEXXP KRVH XS WR P ORQJ KHLJKW FP ZHLJKW
FRPELQDWLRQ ZLWK DQG OLWUH EODVW YHVVHOV &fF
ZHLIKW KV

'XVW )LOWHULQJ 8QLW '.2 PRELOH ILOWHULQJ XQLW XVHC
MREV &DSDFLW\0oE GXRFW HPLVVLRQ PD[ GXVW UHC
PLOOLJUDP QP QRLVH OHYHO '%%$ VWDWLVWLFDO SUHVYV.
JORZ (XURSH 8. )ORZ ,QWHUQDWLRQDQORRPS.DQx @

PDOXIDFWXUHU RI WKH XOWUDKLJK SUHVVXUH ZDWHUMHW HT

FRDWLQJ UHPRYDO DQG SUHFLVLRQ FOHDQLQJ RI PHWDO VXUIL

B8OWUDKLTK 3UHVVXUH :DWHULHW 3XPS +XVN\ ( ZRUNV DW
DQG IORZ UDWHV XS WR , SP HOHFWULF SRZHUHG KRU

*V ZDWHU ILOWUDWLRQ WR PLFURQ DEVROXWH



BOWUDKLTK 3UHVVXUH :DWHULHW 3XPS +XVN\ 6 ZRUNV DV

DQG IORZ UDWHV XS WR ,SP KRUVHSRZHU PRGHO "
WXUER FKDUJHG F\FOH GLUHFW LQMHFWHG VSHHG 530
.*V. PRELOH
8OWUDKLTK 3UHVVXUH +DQG $ OLIJIKWZHLJKW SRUWDEOH
YDULHW\ RI PXOWLSOH RULILFH WLSV DW WKH URWDWLRQ
GHOLYHUV XS WR ,SP RI XOWUDKLJK SUHVVXUH ZDWHU
SUHVVXUHV RI XS WR EDU %HFDXVH LW LV SQHXPDWLF
RQ ERDUG DLU FRPSUHVVRU RI WKH +XVN\ SXPS :HLJKW
XS WR EDU PRWRU KRUVHSRZHU N:
8OWUDKLTK 3UHVVXUH +DQG 7RRO -HWODQFH KDQG KHOG
UHPRYDO WRRO WLSV ZLWK PXOWLSOH RULILFHY DW YDULF
530 GHOLYHU XS WR ,SP Rl KLJK SUHVVXUH ZDWHU 2SHU
EDU ZHLJKW V. OHQJIWK FP
8OWUDKLTK 3UHVVXUH +DQG 7RRO -HWZDQG KDQG KHOG
DQG UHPRYLQJ WRXJK FRDWLQJV IURP VXUIDFHV 2SHUDWH
EDU PD[ IORZ UDWH ,SP WRWDO OHQJWK FP ZHLJK!

& ([LVWLQJ $XWRPDWHG DQG 3DUWLDOO\ $XWRPDWHG 6\VW

6HYHUDO PDLQWHQDQFH FRPSDQLHV ZRUOGZLGH DV ZHOO D

DVVHPEOHG PRUH RU OHVV VXFFHVVIXO V\VWHPV WR VROYH

VWHHO VWUXFWXUHV 7KHVH V\WVWHPV DUH EHLQJ UHYLHZHG

RYHUDOO DSSOLFDELOLW\

$/3+$ E\ ,SHF ,QF LV D PRELOH XQLW ZLWK WZR EODVWLQ.
FODVVLILFDWLRQ DQG DQ DLU GU\LQJ VI\VWHP FRXSOHC
5HFRPPHQGHG DSSOLFDWLRQV LQFOXGH VXUIDFH SUHSDUD
SODQWYV EULGJH RYHUSDVVHV HWF >,SHF @

7KH $TXD %ODVW 6\VWIKWRQVLVWY RI ZDWHU GLHVHO GULYHC
RQ D IRXU ZKHHO WUDLOHU DQG LV GHVLJQHG IRU VLQJC
LQWHQVLILHUV 7KH V\VWHP LV PDQXDOO\ RSHUDWHG DQG
FRQWDLQPHQW > $TXD %ODVW @

7KHSXWR % OPDQKUDFWXUHG E\ ' 6 6HUYLFHV ,QF RI .HQWZRF
GHVLJQHG IRU WKH DEUDVLYH EODVW FOHDQLQJ RI SDUWLF
ZLWK PDLQ , VHFWLRQV DORQJ WKH HGJHV DV WKH ZRUN S
IODQJHV (LJKW EODVW QR]]JOHV DUH RSHUDWLQJ IURP WK



PDQXDO UHPRWH DQG DXWRPDWLF FRQWURO
7TKH/DVHU 9BHYHORSHG E\ 9DOOH\ 6\WWHPV ,QF XWLOLVHV V
RSHUDWLQJ IURP WKH PRELOH SODWIRUP FRQWUROOHG E\ P
WR WKH URRI RI WKH VWUXFWXUH +RUL]JRQWDO PRYHPHQW |
WUDFNHU V\VWHP WKDW LV DWWDFKHG WR WZR KRUL]JRQWDO
TKH7& 5RERWLFR8QUWWHY XVLQJ D EODVW QR]JOH KHOG E\ D
DXWRPDWLRQ OHYHO DOORZHG DV WKH ORFDWLRQ DQG V
SURJUDPPHG 1R]]JOH LV SRVLWLRQHG ZLWKLQ D YDFXXP KHD
1HOFR 6\VIWH®PHVLIJQHG WR EODVW FOHDQ VWRUDJH WDQNV DQ(
UHPRWH FRQWURO EODVW KHDG RIl K\GUDXOLF SRZHUHG
FOHDQLQJ SURGXFWLYLW\ LV JLYHQ DV VTXDUH PHWHUYV &
6DQGURLG 6\VWKIPPW GEFHORSHG D V\VWHP FDSDEOH RI EODVW
DQG SDLQWLQJ RI VWHHO VXUIDFHVY $00 SURFHVVHV DUH
DUWLFXODWHG DUP IL[HG WR WKH EDVH YHKLFOH 7KH VXS
EODVW SRW FRPSUHVVRUV YDFXXP VI\VWHP DQG RWKHU HT

SDUWLFXODU DSSOLFDWLRQ >6DQGURLG @ 7KH SUHFLV
DQG WKH FRQWDLQPHQW IRU WKH EODVW GHEULV DUH VWL
SURGXFWLYLW\ LV JLYHQ DV VTXDUH PHWHUV SHU KRXU

7TKHWKLS $506 'HSDLQWL@EN BQMIMWHFRG 7THFKQRORJLHY LV GHYHORS
ODUJH VKLSV 7KH V\VWHP FRQVLVWYVY RI D KLJK SUHVVXUH
WHOHRSHUDWHG WUDQVSRUWHU ZLWK '2) GHJUHHV RI U
'2) PDQLSXODWRU ZLWK VSHFLDOLVHG HQG HIIHFWRU DQ
GHVLIQHG LQFK ZLGH ZDWHUMHW QR]J]JOH LQ D IUDPH IR
VI\VWHP DOVR UHPRYHV WKH SURFHVV HIIOXHQW WKURXJK Y
SRUWY OHDYLQJ D GU\ DQG UXVW IUHH VXUIDFH &OHDQLQ
JLYHQ DV VTXDUH PHWHUV SHU KRXU >8QLWHG 7THFKQRORJ

.6 IDFXXP %ODVW BDHAKLQHLMQ % 9 >'H .OHLMQ % 9 @
DEUDVLYHV SDLQW DQG FRUURVLRQ SDUWLFOHV DUH YDEF>
ZKHUH WKH UH XVDEOH JULW LV VHSDUDWHG IURP WKH SI
FDSDFLW\ RI WKH I1ODW VWHHO VXUIDFH UXVWHG WR JUDGH
&OHDQV ZHOG WUDFNV WR 69% 6% FP ZLGH P PL
KRVH OHQJWK XS WR P HPSW\ ZHLJKW .*V EODVW Pl
QR]]JOH GLDPHWHU PP



YWODVWPDQ % DQG %OEYWPXWDA XXNNL >5DXWDUXXNNL @
FDSDFLW\ P K IRU ILQLVK 6% DQG P K IRU VXI
DQG UXVWLQJ GHJUHH $ %RWK V\VWHPV LQFOXGH WKH VDF
GXVW SURRI WHOHVFRSLF ERRP GULYLQJ PDFKLQHU\ K\GL
VI\VWHP DQG HOHFWULF DQG FRQWURO VZLWFKJHDU FDELQ!
DXWRPDWLRQ 3& IRU VXSHUYLVLRQ DQG URWDWLQJ PHF
FRQILIXUDWLRQ DQG VL]H DUH GLIIHUHQW % RQO\ PRYHYV

P ZLWK VSHHG X8 ZAKROHP% DOVR PRYHV WUDQVYHUVDOO
VSHHG XS WR P LQ UDQJH $OVR QR]]JOH PRYHPHQW LV WK

DQG % WHOHVFRSLF PRYHPHQW FP VZLQJLQJ PF
URWDWLQJ f DQG QR]]JOH URFNLQJ f DQG DGGLWLRQDOC
f DQG VWUHWFKLQJ RI WKH ERRP f 7KH WHFKQLFDO C
K\GUDXOLF XQLW FRQVLVWVY RI HOHFWULF PRWRU N:
RSHUDWLRQDO SUHVVXUH EDU WDQN FDSDFLW\ , ZHL
LV RQ WKH XQLW DQG FRQQHFWLRQ WR SRZHU N: +HLJF
FDELQHW HQFORVXUH FODVV ,3 ZHLJKW *V FRQQHF)
FP 'LDPHWHU RI WKH QR]]OH PP GHPDQG DW Wt
PLQ SUHVVXUH EDU %RWK V\VWHPV XVH VLPLODU EODV

DQG FHUDPLF JUDLQV RUJDQLF PDWHULDOV HWF DQG FDC
SUHVVXUH ZDVKLQJ DQG VSUD\ SDLQWLQJ

%ODVWPDQEY% 5@ XWDUXXNNL >5DXWDUXXNNL @ PRUH SRZ
FRQWDLQLQJ FRQWURO FDELQ ZLWK DLU FRQGLWLRQLQJ RC
VLPLODU 8VHG LQ VKLS\DUGV 5RERW PRYHPHQW UDQJH
P ODWHUDOO\ 7KH WHFKQLFDO GDWD LV DV IROORZV K\G
PRWRU N: SXPS GHOLYHU\ ,SP WDQN FDSDFLW\ ,
VZLWFKERDUG LV RQ WKH XQLW DQG FRQQHFWLRQ WR SRZ
2WKHU FKDUDFWHULVWLFV VLPLODU WR %

%ODVWPDQ BA(5DXWDUXXNNL >5DXWDUXXNNL @ LV D VWH
GHOLYHU\ WKH V\WWHP LV PRUH SRZHUIXO WKDQ % & ZL\
URERW XS WR7KHPQR]]JOH PRYHPHQW LV PRUH UHVWULFWHG

FDQ PRYH EHWZHHQ FP VZLQJLQJ PRWLRQ f OLIWL
URWDWLRQ f DQG QR]JJOH URFNLQJ f 7KH WHFKQLFDO C
XQLW FRQVLVWY RI HOHFWULF PRWRU N: SXPS GHOL

.V 2WKHU FKDUDFWHULVWLFYV VLPLODU WR %



YWODVWPDQ %5 EXRDXWWDUXXNNL >5DXWDUXXNNL @ DQ L
Rl WKH %( ZLWK DOO FKDUDFWHULVWLFVY LGHQWLFDO HII

XQLW [ N: SXPS GHOLYHU\ [ , SP RSHUDWLRQDO SU]I
FDSDFLW\ , ZHLJKW *V  VZLWFKERDUG LV RQ WKH
SRZHU N: GRXEOH ZHLJKW RI FRQWURO VZLWFK FDEL

FOHDQLQJ FDSDFLW\ +HDY\ PDVV SURGXFWLRQ ZDJRQ FOHD!
S5RERWLF %ULGJH 3DLQW 5HPRYDGEG\6&RWMW IEXFB%HRBRE) $XWRPDWL
5RERWLFY /DERUDWRU\ &%$5/ DW WKH 1RUWK &DUROLQD 6W
XWLOLVHY D EULGJH PDLQWHQDQFH FUDQH DV WKH KDQGC
SODWIRUP WZR VOLGLQJ WDEOHV D URERW DUP D GXVW
VIVWHP VHQVRUV DQG D VDQG EODVWLQJ DQG YDFXXPLQJ
@ 7KH WKLUG VHFWLRQ RI WKH FUDQH ERRPV LV UHSC
UHWURILWWLQJ 7KH DFWXDWHG SODWIRUP ZLWK WKH WZ
SRVLWLRQLQJ WKH URERWLF VDQG EODVW DQG GXVW FRQWI
XVHV D IUDPH JUDEEHU D PRQLWRU DQG D FDPHUD 80OWUD
DV GLVWDQFH VHQVRUV 7R GDWH WKH V\VWHP KDV XQGHU
ZLWK SRVLWLYH UHVXOWYV
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W

'"HILQH DQG LQLWLDWH YDULDEOHYV
DQG DUUD\V

6HW XS WKH DUUD\V IRU SDUDPHWHUYV

w

'"HILQH WKH WRWDO QXPEHU RI
FKURPRVRPHV ELWV UHTXLUHG

SDUWLWLRQ WKH FKURPRVRPH DQG GHFRGH
YDOXHV RI DOO SDUDPHWHUYV






$33(1',; ( )2575%$1 $1' *5$63 62)7:$5(

( )2575%$1 6XEURXWLQHYV

FRGH &RGHV IORDWLQJ SRLQW YDOXH WR ELQDU\ VWULQJ

FURVRYU 3HUIRUPV FURVVRYHU VLQJOH SRLQW RU XQLIRU

GHFRGH '"HFRGHV ELQDU\ VWULQJ WR IORDWLQJ SRLQW YD

HYDORXW (YDOXDWHYVY WKH ILWQHVV RI HDFK LQGLYLGX
LQIRUPDWLRQ WR WKH JD RXW ILOH

IXQF 7TKH IXQFWLRQ ZKLFK LV EHLQJ HYDOXDWHG

JDPLFUR ,PSOHPHQWY WKH PLFUR *$ WHFKQLTXH

LQSXW ,QSXWV LQIRUPDWLRQ IURP WKH JD LQS ILOH

LQLWLDO SBURJUDP LQLWLDOL]DWLRQ DQG LQSXWV LQIRUPL
PXWDWH SHUIRUPV PXWDWLRQ MXPS DQG RU FUHHS

QHZJIHQ "ULWHV FKLOG DUUD\ EDFN LQWR SDUHQW DUUL
FKHFNV WR VHH LI EHVW LQGLYLGXDO ZDV UHSOLFDWHG HOLW
QLFKH SHUIRUPV QLFKLQJ VKDULQJ RQ SRSXODWLRQ

SRVVLEO &KHFNV WR VHH LI GHFRGHG ELQDU\ VWULQJ ID
SDUPLQ DQG SDUPD]

ubQ 7KH UDQGRP QXPEHU JHQHUDWRU

UHVWDUW "ULWHV WKH JD UHVWDUW ILOH

VHOHFW $ VXEURXWLQH RI VHOHFWQ

VHOHFWQ S3HUIRUPV VHOHFWLRQ WRXUQDPHQW VHOHFW

YHUVLRQ RI WKH FRGH
VKXIIOH 6KXITOHV WKH SRSXODWLRQ UDQGRPO\ IRU VHOHF

( JLOH 3DUDPV I

SDUDPHWHU £QGPD] QFKUPD[ QSDUPD]

LQGPD[ PD[LPXP RILQGLYLGXDOV L H PD[ SRSXODWLRQ VL]H
QFKUPD[ PD[LPXP RI FKURPRVRPHV ELQDU\ ELWV SHU LQGLYLGXDO
QSDUPD[ PD[LPXP RI SDUDPHWHUV ZKLFK WKH FKURPRVRPHV PDNH XS

( )2575%1 )LOH *$ |

( ODLQ %RG\ RI WKH 3URJUDP IRU 6WDJH 2QH

LPSOLFLW GRXEOH SUHFLVLRQ D K R ]

VDYH

LQFOXGH SDUPUEO |
GLPHQVLRQ SDUHQW LQGPD[ QSDUPD[ FKLLG LQGPD[ QSDUPD]
GLPHQVLRQ ILWQHVV LQGPD[ QSRVLEO QSDUPD[ QLFKIOJ QSDUPD]
GLPHQVLRQ LSDUHQW LQGPD[ QFKUPD[ LFKLOG LQGPD[ QFKUPD]
GLPHQVLRQ J QSDUPD[ J QSDUPD[ LJ QSDUPD]
GLPHQVLRQ SDUDPVP QSDUPD|[ SDUDPDY QSDUPD[ LEHVW QFKUPD]
GLPHQVLRQ SDUPD[ QSDUPD[ SDUPLQ QSDUPD[ SDUGHO QSDUPD]
GLPHQVLRQ SDWK P[FRRU P[SW FROOLV P[FRRU P[FSW
GLPHQVLRQ WRRO LQGPD[ P[FRRU P[SW HOERZ LQGPD[ P[FRRU P[SW
GLPHQVLRQ OO P[SW GHZ LQGPD]
GLPHQVLRQ SDU P[SW SW[ P[SW SW\ P[SW SW] P[SW GHQ P[SW
GLPHQVLRQ GLVWDQFH P[SW GLVW P[SW
GLPHQVLRQ GLVWWO LQGPD]

FRPPRQ JDO QSRSVL] QRZULWH

FRPPRQ JD QSDUDP QFKURPH
FRPPRQ JD SDUHQW £SDUHQW
FRPPRQ JD ILWQHVYV

FRPPRQ JD J J LI

FRPPRQ JD SDUPD[ SDUPLQ SDUGHO QSRVLEO
FRPPRQ JD FKLOG £FKLOG
FRPPRQ JD FROOLV

FRPPRQ JD WRRO

FRPPRQ JD FRRU SWwW

FRPPRQ JDO SDWK

FRPPRQ JD FSW

FRPPRQ JD OO0 GHZ



FRPPRQ JD HOERZ

FRPPRQ JDO SDU SW[ SW\ SW] GHQ
FRPPRQ JDO GLVWDQFH GLVW
FRPPRQ JDO SDUDPVP

FRPPRQ JDO SDUDPDY
FRPPRQ JDO GLVWWO
FRPPRQ JD QLFKIOJ
FRPPRQ £QSXWJD SFURVV SPXWDWH SFUHHS PD[JHQ LGXP LUHVWUW
LWRXUQ\ £HOLWH £FUHHS LXQLIUP £QLFKH
£EVNLS £HQG QFKLOG PLFURJD NRXQWP][
&DOO WKH LQSXW VXEURXWLQH
FDOO LQSXW
S3HUIRUP QHFHVVDU\ LQLWLDOL]DWLRQ DQG UHDG WKH JD UHVWDUW ILOH
FDOO £QLWLDO LVWDUW QSRVVXP LJ VXP
ODLQ JHQHUDWLRQDO SURFHVVLQJ ORRS

NRXQW

GR L LVWDUW PD[JHQ LVWDUW
ZULWH L

ZULWH L

(YDOXDWH WKH SRSXODWLRQ DVVLJQ ILWQHVV HVWDEOLVK WKH EHVW LQGLYLGXDO
FDOO HYDORXW LVNLS LHQG LEHVW
LI QSRSVL] HT RU LVNLS QH 2 WKHQ
FORVH
VWRS
HQGLI
,PSOHPHQW QLFKLQJ
LI E£QLFKH QH 2 FDOO QLFKH
(QWHU VHOHFWLRQ FURVVRYHU DQG PXWDWLRQ ORRS
QFURVYV
LSLFN QSRSVL]
GR M QSRSVL] QFKLOG
3HUIRUP VHOHFWLRQ
FDOO VHOHFWQ LSLFN M PDWH PDWH
1RZ SHUIRUP FURVVRYHU EHWZHHQ WKH UDQGRPO\ VHOHFWHG SDLU
FDOO FURVRYU QFURVV M PDWH PDWH
FRQWLQXH
ZULWH QFURVYV
ZULWH QFURVYV
1RZ SHUIRUP UDQGRP PXWDWLRQ ,I UXQQLQJ PLFUR *$ VNLS PXWDWLRQ
LI POFURJD HT 2 FDOO PXWDWH
:ULWH FKLOG DUUD\ EDFN ,QWR SDUHQW DUUD\ IRU QHZ JHQHUDWLRQ &KHFN WR VHH
FDOO QHZJHQ LHOLWH QSRVVXP LJ VXP LEHVW
,PSOHPHQW PLFUR *$ ,| HQDEOHG
.l PLFURJD QH 2 FDOO JDPLFUR O QSRVVXP LJ VXP LEHVW
:ULWH WR UHVWDUW ILOH
FDOO UHVWDUWV EVWDUW NRXQW
FRQWLQXH
. (QG RI PDLQ JHQHUDWLRQDO SURFHVVLQJ ORRS
&/26(
IRUPDW [ %LQDU\ &RGH [ 3DUDP 3DUDP 3DUDP
3DUDP 3DUDP 3DUDP 3DUDP 3DUDP 3DUDP 3DUDPO2
3DUDP 3DUDP 3DUDP 3DUDP 3DUDP 3DUDP
1 3DUDP 3DUDP 3DUDP 3DUDP 3DUDP
3DUDP 3DUDP 3DUDP 3DUDP 3DUDP 3DUDP
3DUDP 3DUDP 3DUDP 3DUDP 3DUDP 3DUDP
3DUDP 3DUDP 3DUDP 3DUDP )LWQHVV

IRUPDW © wowo®HQHUDWLRQ £ 0 0027
IRUPDW § 1XPEHU RI &URVVRYHUV £
VWRS
HQG
( 6XEURXWLQHYV
( 6 XEURXWLQH LQSXW

7KLV VXEURXWLQH LQSXWV LQIRUPDWLRQ IURP WKH JD LQS ILOH
,PSOLFLW GRXEOH SUHFLVLRQ D K R ]

VDYH

LQFOXGH SDUPUEO |

GLPHQVLRQ QSRVOEO QSDUPD|[ QLFKIOJ QSDUPD]

GLPHQVLRQ SDUPD[ QSDUPD[ SDUPLQ QSDUPD|[ SDUGHO QSDUPD]
GLPHQVLRQ SDWK P[FRRU P[SW FROOLV P[FRRU P[FSW

FRPPRQ JDO QSRSVL] QRZULWH

FRPPRQ JD QSDUDP QFKURPH
FRPPRQ JD SDUPD[ SDUPOQ SDUGHO QSRVLEO
FRPPRQ JD FROOLV

DG



FRPPRQ JD FRRU SW

FRPPRQ JDO SDWK
FRPPRQ JDO FSW
FRPPRQ JD QLFKIOJ

FRPPRQ £QSXWJD SFURVV SPXWDWH SFUHHS PD[JHQ LGXP LUHVWUW
LWRXUQ\ £HOLWH £FUHHS LXQLIUP E£QLFKH
EVNLS £HQG QFKLOG PLFURJD NRXQWP]

QDPHOLVW JDUEDS LUHVWUW QSRSVL] SPXWDWH PD[JHQ LGXP SFURVYV
LWRXUQ\ EHOLWH £FUHHS SFUHHS LXQLIUP £QLFKH
£VNLS £HQG QFKLOG QSDUDP SDUPLQ SDUPD[ QSRVLEO
QRZULWH SDWK FROOLYV FRRU SW FSW PLFURJD
QLFKIOJ NRXQWP]

NRXQWP ]|

LUHVWUW

LWRXP\

LHOLWH

LXQLIUP

LVNLS

LHQG

QFKLOG

GR L QSDUDP

QLFKIOJ L

FRQWLQXH

PLFURJD
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LWRXUQ\

LI LWRXUQ\ HT 2 QFKLOG

&KHFN IRU DUUD\ VL]LQJ HUURUYV
LI QSRSVL] JW LQGPD[ WKHQ

ZULWH QSRSVL]
ZULWH QSRSVL]
FORVH
VWRS

HQGLI

LI QSDUDP JW QSDUPD[ WKHQ
ZULWH QSDUDP
ZULWH QSDUDP
FORVH
VWRS

HQGLI

.1 XVLQJ WKH PLFURJD RSWLRQ UHVHW VRPH LQSXW YDULDEOHYV
LI PLFURJD QH 2 WKHQ
SPXWDWH
SFUHHS
LWRXUQ\
LHOLWH
LQLFKH
QFKLOG
LI LXQLIUP HT 2 WKHQ
SFURVV
HOVH
SFURVV
HQGLI
HQGLI
LI FRRU JW P[FRRU WKHQ
ZULWH FRRU
ZULWH FRRU
FORVH
VWRS
HQGLI
LI SW JW P[SW WKHQ
ZULWH sSwW
ZULWH sSwW
GRVH
VWRS
HQGLI
LI FSW JW P[FSW WKHQ
ZULWH FSW



ZULWH FSW
FORVH
VWRS
HQGLI
IRUPDW [ (5525 QSRSVL] ! LQGPD[ 6HW LQGPD] £
IRUPDW [ (5525 QSDUDP ! QSDUPD[ 6HW QSDUPD[ L
IRUPDW [ (5525 FRRUIP[FRRU 6HW P[FRRU £
IRUPDW [ (5525 SWIP[SW 6HW P[SW £
IRUPDW [ (5525 FSWIP[FSW 6HW P[FSW 1 £
UHWXUQ
HQG
( 6 XEURXWLQH LQLWLDO LVWDUW QSRVVXP LJ VXP

7KLV VXEURXWLQH VHWV XS WKH SURJUDP E\ JHQHUDWLQJ WKH J2 J
FKURPRVRPHV UHTXLUHG IRU WKH VSHFLILHG LQSXW
DQG £SDUHQW DUUD\V UHDGV WKH JD UHVWDUW ILOH
LPSOLFLW GRXEOH SUHFLVLRQ D K R ]
VDYH
LQFOXGH SDUPUEO |
GLPHQVLRQ SDUHQWILQGPD[ QSDUPD]
GLPHQVLRQ QSRVLEO QSDUPD]
GLPHQVLRQ J QSDUPD[ J QSDUPD]
GLPHQVLRQ SDUPD[ QSDUPD]|

DQG LJ DU
7KH VXEURXWLQH DOVR LQLWLDC

LSDUHQW LQGPD[ QFKUPD]

LJ QSDUPD]
SDUPLQ QSDUPD[ SDUGHO QSDUPD]

FRPPRQ JDO QSRSVL] QRZULWH
FRPPRQ JD QSDUDP QFKURPH
FRPPRQ JD SDUHQW £SDUHQW
FRPPRQ JD JJ L3
FRPPRQ JD SDUPD[ SDUPLQ SDUGHO QSRVLEO
FRPPRQ LQSXWJD SFURVV SPXWDWH SFUHHS PD[JHQ LGXP LUHVWUW
LWRXUQ\ £HOLWH £FUHHS LXQLIUP £QLFKH
£VNLS £HQG QFKLOG PLFURJD NRXQWP]
GR L QSDUDP
J2 L SDUPLQ L
SDUGHO L SDUPD[ L SDUPLQ L
J L SDUGHO L GEOH QSRVLEO L
FRQWLQXH
GR £ QSDUDP
GR M
QM M
LI Q M JH QSRVLEO L WKHQ
LJ L M
JRWR
HQGLI
LI M JH WKHQ
ZULWH
ZULWH
GRVH
VWRS
HQGLI

FRQWLQXH
FRQWLQXH
FRQWLQXH

&RXQW WKH WRWDO QXPEHU RI
QFKURPH
QSRVVXP
LJ VXP
GR L QSDUDP
QFKURPH QFKURPH LJ L
QSRVVXP QSRVVXP QSRVLEO L
LJ VXP LJ VXP LJ L
FRQWLQXH

FKURPRVRPHV ELWV UHTXLUHG

LI QFKURPH JW QFKUPD[ WKHQ

ZULWH QFKURPH

ZULWH QFKURPH

FORVH

VWRS

HQGLI

LI QSRVVXP OW LJ VXP DQG PLFURJD QH 2 WKHQ
ZULWH

ZULWH

HQGLI

,QLWLDOL]H UDQGRP QXPEHU JHQHUDWRU
FDOO UDQ LGXP UDQG
) LUHVWUW HT 2 7+(1
,QLWLDOL]H WKH UDQGRP GLVWULEXWLRQ RI SDUDPHWHUV LQ WKH LQGLYLGXDO SDUHQW



L\DW W
GR £ Qs

RSVL]

GR M QFKURPH

FDOO UDQ UDQG

LSDUHQW L M

,) UDQG oW £ESDUHQW O M
FRQWLQXH

FRQWLQXH
,) QSRVVXP
(/6(

OW LJ VXP FDOO SRVVLEO SDUHQW £SDUHQW

, LUHVWUW QH 2 UHDG IURP UHVWDUW ILOH

23(1 81,7
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UHZLQG
UHDG EVWDUW QSRSVO]
GR M QSRSVL]
UHDG N LSDUHQW M O O QFKURPH
FRQWLQXH
&/26(
(1)
,) OUHVWUW QH 2 FDOO UDQ LGXP LVWDUW UDQG
IRUPDW [ (5525 QFKURPH | QFKUPD[ 6HW QFKUPD]J £
IRUPDW [ (5525 <RX KDYH D SDUDPHWHU ZLWK D QXPEHU R
[ SRVVLELOLWLHV ! I \RX UHDOO\ GHVLUH WKLV
[ FKDQJH WKH '2 ORRS VWDWHPHQW DQG UHFRPSLOH
IRUPDW [ :$51,1* IRU VRPH FDVHV D FRQVLGHUDEOH SHUIRUPDQFH
[ UHGXFWLRQ KDV EHHQ REVHUYHG ZKHQ UXQQLQJ D QRQ
[ RSWLPDO QXPEHU RI ELWV ZLWK WKH PLFUR *$
[ .1 SRVVLEOH XVH YDOXHV IRU QSRVLEO RI Q
[ HJ HWF 6HH 5HDGOH ILOH
UHWXUQ
HQG
( 6XEURXWLQH QLFKH

,PSOHPHQW

QLFKLQJ WKURXJK *ROGEHUJ V PXOWLGLPHQVLRQDO SKHQRW\SLF

VKDULQJ IXQFWLRQ 7R 1LQG WKH PXOWLGLPHQVLRQDO GLVWDQFH IURP WKH EH’

GLITHUHQFHYV

LPSOLFLW GRXEOH SUHFLVLRQ D K R ]

VDYH
LQFOXGH SD

UPUEO 1

GLPHQVLRQ SDUHQW LQGPD[ QSDUPD|[ LSDUHQW LQGPD[ QFKUPD]

GLPHQVLRQ |

LWQHVY LQGPD[ QSRVLEO QSDUPD[ QLFKIOJ QSDUPD]

GLPHQVLRQ SDUPD[ QSDUPD[ SDUPLQ QSDUPD|[ SDUGHO QSDUPD]
FRPPRQ JDO QSRSVL] QRZULWH

FRPPRQ JD
FRPPRQ JD
FRPPRQ JD
FRPPRQ JD
FRPPRQ JD
DOSKD
VLIJVKDU
QQLFKH

GR MM QS

QSDUDP QFKURPH

SDUHQW £SDUHQW

ILWQHVV

SDUPD[ QSRVLEO SDUPLQ SDUGHO
QLFKIOJ

DUDP

QQLFKH QQOFKH QLFKIOJ MM

FRQWLQXH

LI QQLFKH HT WKHQ

ZULWH
ZULWH
FORVH
VWRS

HQGLI

GR LL  QSRSVL]

VXPVKDU

GR M QSRSVL]

GHO

GR N QSDUDP

LI QLFKIOJ
GHO GHO
HQGLI
FRQWLQXH

N QH 2 WKHQ
SDUHQW* N SDUHQW LL N SDUGHO N

GHO GVTUW GHO GEOH QQLFKH

LI GHO OW
VKDUH
HOVH
VKDUH
HQGLI

VLIJVKDU WKHQ
GHO VLJVKDU DOSKD



WPVKDU VXPVKDU VKDUH GEOH QSRSVL]
FRQWLQXH

LI VXPVKDU QH ILWQHVV LL ILWQHVV LL VXPVKDU
FRQWLQXH
IRUPDW [ (5525 LQLFKH DQG DOO YDOXHV LQ QLFKIOJ DUUD\
[ 'R \RX ZDQW WR QLFKH RU QRW"{
UHWXUQ
HQG
( 6XEURXWLQH VHOHFWQ LSLFN M PDWH PDWH

6XEURXWLQH IRU VHOHFWLRQ RSHUDWRU 3UHVHQWO\ WRXUQDPHQW VHOHFWLRQ LV WK

LPSOLFLW GRXEOH SUHFLVLRQ D K R ]
VDYH

LQFOXGH SDUPUEO I
GLPHQVLRQ SDUHQW LQGPD[ QSDUPD[ FKLOG LQGPD[ QSDUPD]
GLPHQVLRQ ILWQHVV LQGPD]
GLPHQVLRQ LSDUHQW LQGPD[ QFKUPD[ LFKLOG LQGPD[ QFKUPD]
FRPPRQ JDO QSRSVL] QRZULWH

FRPPRQ JD QSDUDP QFKURPH
FRPPRQ JD SDUHQW £SDUHQW
FRPPRQ JD ILWQHVV

FRPPRQ JD FKLOG £FKLOG

FRPPRQ LQSXWJD SFURVV SPXWDWH SFUHHS PD[JHQ LGXP LUHVWUW
LWRXUQ\ EHOLWH £FUHHS LXQLIUP LQLFKH
£VNLS OHQG QFKLOG PLFURJD NRXQWP]
| WRXUQDPHQW VHOHFWLRQ LV FKRVHQ L H LWRXUQ\ WKHQ LPSOHPHQW
SRSXODWLRQ
LI LWRXUQ\ HT O WKHQ
FDOO VHOHFW PDWH £SLFN
FDOO VHOHFW PDWH LSLFN
ZULWH PDWHO PDWH ILWQHVV PDWH ILWQHVYV PDWH
GR Q QFKURPH
LFKLOG M Q LSDUHQW PDWH Q
LI QFKLOG HT LFKLOG M Q LSDUHQW PDWH Q
FRQWLQXH
HQGLI
UHWXUQ
HQG
( 6XEURXWLQH FURVRYU QFURVV- PDWHO PDWH
6XEURXWLQH IRU FURVVRYHU EHWZHHQ WKH UDQGRPO\ VHOHFWHG SDLU
LPSOLFLW GRXEOH SUHFLVLRQ D K R ]
VDYH
LQFOXGH SDUPUEO |
GLPHQVLRQ SDUHQW LQGPD[ QSDUPD[ FKLOG LQGPD[ QSDUPD]
GLPHQVLRQ LSDUHQW LQGPD[ QFKUPD[ LFKLOG LQGPD[ QFKUPD]
FRPPRQ JD QSDUDP QFKURPH
FRPPRQ JD SDUHQW £SDUHQW
FRPPRQ JD FKLOG £FKLOG
FRPPRQ LQSXWJD SFURVV SPXWDWH SFUHHS PD[JHQ LGXP LUHVWUW
LWRXUQ\ £HOLWH EFUHHS LXQLIUP LQLFKH
£VNLS £HQG QFKLOG PLFURJD NRXQWP]
LI LXQLIUP HT 2 WKHQ
6LQJOH SRLQW FURVVRYHU DW D UDQGRP FKURPRVRPH SRLQW
FDOO UDQ UDQG
LI UDQG JW SFURVV JRWR
QFURVV QFURVYV
FDOO UDQ UDQG
LFURVV GLQW GEOH QFKURPH UDQG
GR Q LFURVV QFKURPH
LFKLOG M Q LSDUHQW PDWH Q
LI QFKLOG HT LFKLOG M Q LSDUHQW PDWH Q
FRQWLQXH
HOVH
3HUIRUP XQLIRUP FURVVRYHU EHWZHHQ WKH UDQGRPO\ VHOHFWHG SDLU
GR Q QFKURPH
FDOO UDQ UDQG
LI UDQG OH SFURVV WKHQ
QFURVV QFURVYV
LFKLOG M Q LSDUHQW PDWH Q
LI QFKLOG HT LFKLOG Q LSDUHQW PDWH Q
HQGLI
FRQWLQXH
HQGLI
FRQWLQXH

WRXUC



UHWXUQ

HQG

( 6XEURXWLQH PXWDWH
LPSOLFLW GRXEOH SUHFLVLRQ D K R ]
VDYH

LQFOXGH SDUPUEO
GLPHQVLRQ QSRVLEO QSDUPD]
GLPHQVLRQ FKLOG LQGPD[ QSDUPD|[ LFKLOG LQGPD[ QFKUPD]|
GLPHQVLRQ J QSDUPD[ J QSDUPD[ LJ QSDUPD]
GLPHQVLRQ SDUPD[ QSDUPD[ SDUPLQ QSDUPD[ SDUGHO QSDUPD]
FRPPRQ JDO QSRSVL] QRZULWH

FRPPRQ JD QSDUDP QFKURPH

FRPPRQ JD J J LJ

FRPPRQ JD SDUPD[ SDUPLQ SDUGHO QSRVLEO
FRPPRQ JD FKLOG £FKLOG

FRPPRQ LQSXWJD SFURVV SPXWDWH SFUHHS PD[JHQ LGXP LUHVWUW
LWRXUQ\ LHOLWH £FUHHS LXQLIUP LQLFKH
LVNLS LHQG QFKLOG PLFURJD NRXQWP]
7KLV VXEURXWLQH SHUIRUPV PXWDWLRQV RQ WKH FKLOGUHQ JHQHUDWLRQ
3HUIRUP UDQGRP MXPS PXWDWLRQ LI D UDQGRP QXPEHU LV OHVV WKDQ SPXWDWH
3HUIRUP UDQGRP FUHHS PXWDWLRQ LI D GLIIHUHQW UDQGRP QXPEHU LV OHVV WKDQ SFl
QPXWDWH
QFUHHS
GR M QSRSVL]
GR N QFKURPH
-XPS PXWDWLRQ
FDOO UDQ UDQG
LI UDQG OH SPXWDWH WKHQ
QPXWDWH QPXWDWH
LI LFKLOG M N HT 2 WKHQ
LFKLOG M N

HOVH

LFKLOG M N

HQGLI

LI QRZULWH HT 2 ZULWH M N
LI QRZULWH HT 2 ZULWH M N
HQGLI

FRQWLQXH
&UHHS PXWDWLRQ RQH GLVFUHWH SRVLWLRQ DZD\
LI £FUHHS QH 2 WKHQ
GR N QSDUDP
FDOO UDQ UDQG
LI UDQG OH SFUHHS WKHQ
FDOO GHFRGH M FKLOG LFKLOG
QFUHHS QFUHHS

FUHHS
FDOO UDQ UDQG
LI UDQG ,W FUHHS

FKLOG M N FKLOG M N J N FUHHS
LI FKLOG M N JW SDUPD[ N WKHQ
FKLOG M N SDUPD[ N J N
HOVHLI FKLOG M N OW SDUPLQ N WKHQ
FKLOG M N SDUPLQ N J N
HQGLI
FDOO FRGH M N FKLOG £FKLOG
LI QRZULWH HT 2 ZULWH M N
LI QRZULWH HT 2 ZULWH M N
HQGLI
FRQWLQXH
HQGLI
FRQWLQXH
ZULWH QPXWDWH QFUHHS
ZULWH QPXWDWH QFUHHS
IRUPDW 1XPEHU RI -XPS OXWDWLRQV £
1XPEHU RI &UHHS OXWDWLRQV £
IRUPDW -XPS PXWDWLRQ SHUIRUPHG RQ LQGLYLGXDO £
FKURPRVRPH £
IRUPDWH &UHHS PXWDWLRQ SHUIRUPHG RQ LQGLYLGXDO £
SDUDPHWHU £
UHWXUQ
HQG

( 6XEURXWLQH QHZJHQ LHOLWH QSRVVXP LJ VXP LEHVYV
:ULWH FKLOG DUUD\ EDFN LQWR SDUHQW DUUD\ IRU QHZ JHQHUDWLRQ &KHFN WR VHH I



LI LHOLWH WKHQ UHSURGXFH WKH EHVW SDUHQW LQWR D UDQGRP VORW
LPSOLFLW GRXEOH SUHFLVLRQ D K R ]
VDYH
LQFOXGH SDUPUEO |
GLPHQVLRQ SDUHQW LQGPD[ QSDUPD[ FKLOG LQGPD[ QSDUPD]
GLPHQVLRQ LSDUHQW LQGPD[ QFKUPD[ LFKLOG LQGPD[ QFKUPD]
GLPHQVLRQ LEHVW QFKUPD]
FRPPRQ JDO QSRSVL] QRZULWH

FRPPRQ JD QSDUDP QFKURPH
FRPPRQ JD SDUHQW £SDUHQW
FRPPRQ JD FKLOG £FKLOG
NHOLWH

GR M QSRSVL]

MHOLWH

GR Q QFKURPH
LSDUHQW M Q LFKLOG M Q
LI LSDUHQW M Q HT LEHVW Q MHOLWH MHOLWH
LI MHOLWH HT QFKURPH NHOLWH
FRQWLQXH

FRQWLQXH

LI EHOLWH QH 2 DQG NHOLWH HT 2 WKHQ
FDOO UDQ UDQG

LUDQG GLQW GEOH QSRSVL] UDQG

GR Q QFKURPH
LSDUHQW LUDQG Q LEHVW Q
FRQWLQXH

ZULWH LUDQG
HQGLI

IRUPDWH (OLWLVW 5HSURGXFWLRQ RQ ,QGLYLGXDO £
UHWXUQ
HQG

( 6XEURXWLQH JDPLFUR L QSRVVXP LJ VXP LEHVW

OLFUR *$ LPSOHPHQWDWLRQ VXEURXWLQH
LPSOLFLW GRXEOH SUHFLVLRQ D K R ]
VDYH
LQFOXGH SDUPUEO |
GLPHQVLRQ SDUHQW LQGPD[ QSDUPD[ LSDUHQW LQGPD[ QFKUPD]
GLPHQVLRQ LEHVW QFKUPD]
FRPPRQ JDO QSRSVL] QRZULWH
FRPPRQ JD QSDUDP QFKURPH
FRPPRQ JD SDUHQW £SDUHQW
JLUVW FKHFN IRU FRQYHUJHQFH RI PLFUR SRSXODWLRQ
.l FRQYHUJHG VWDUW D QHZ JHQHUDWLRQ ZLWK EHVW LQGLYLGXDO DQG ILOO WKH UH
JHQHUDWHG SDUHQWYV
&RXQW QXPEHU RI GLIIHUHQW ELWV IURP EHVW PHPEHU LQ PLFUR SRSXODWLRQ
LFRXQW
GR M QSRSVL]
GR Q QFKURPH
LI LSDUHQW M Q QH LEHVW Q LFRXQW LFRXQW
FRQWLQXH
FRQWLQXH
.l EFRXQW OHVV WKDQ RI QXPEHU RI ELWV WKHQ FRQVLGHU SRSXODWLRQ WR EH FR{
UDQGRP RWKHUYV
GLIIUDF GEOH LFRXQW GEOH QSRSVL] QFKURPH
LI GLIIUDF OW WKHQ
GR Q QFKURPH
LSDUHQW Q LEHVW Q
FRQWLQXH
GR M QSRSVL]
GR Q QFKURPH
FDOO UDQ UDQG
LSDUHQW M Q
LI UDQG OW LSDUHQW M Q
FRQWLQXH
FRQWLQXH
LI QSRVVXP OW LJ VXP FDOO SRVVLEO SDUHQW £SDUHQW
ZULWH L
ZULWH L
HQGLI
IRUPDW 5HVWDUW PLFUR SRSXODWLRQ DW JHQHUDWLRQ
£
UHWXUQ
HQG



( 6XEURXWLQH VHOHFW PDWH LSLFN
7KLV URXWLQH VHOHFWV WKH EHWWHU RI WZR SRVVLEOH SDU
LPSOLFLW GRXEOH SUHFLVLRQ D K R ]
VDYH
LQFOXGH SDUPUEO
FRPPRQ JDO QSRSVL] QRZULWH

FRPPRQ JD QSDUDP QFKURPH
FRPPRQ JD SDUHQW £SDUHQW
FRPPRQ JD ILWQHVYV

HQWYV IRU PDWLQJ

GLPHQVLRQ SDUHQW LQGPD[ QSDUPD[ LSDUHQW LQGPD[ QFKUPD]

GLPHQVLRQ ILWQHVV LQGPD]
LI LSLFN JW QSRSVL] FDOO VKXIIOH LSLFN
LILUVW LSLFN
LVHFRQG LSLFN
LSLFN LSLFN
LI ILWQHVYV LILUVW JW ILWQHVV LVHFRQG WKHQ
PDWH LILUVW
HOVH
PDWH LVHFRQG
HQGLI
ZUOWH VHOHFW £ILUVW E£VHFRQG ILWQHVV LILUVW
UHWXUQ
HQG
( 6XEURXWLQH VKXIIOH LSLFN
7KLV URXWLQH VKXIIOHV WKH SDUHQW DUUD\ DQG LWV FRUUH
LPSOLFLW GRXEOH SUHFLVLRQ D K R ]
VDYH
LQFOXGH SDUPUEO
FRPPRQ JDO QSRSVL] QRZULWH

FRPPRQ JD QSDUDP QFKURPH
FRPPRQ JD SDUHQW LSDUHQW
FRPPRQ JD ILWQHVYV

ILWQHVYV LVHFRQG

VSRQGLQJ ILWQHVYV

GLPHQVLRQ SDUHQW LQGPD[ QSDUPD[ LSDUHQW LQGPD[ QFKUPD]

GLPHQVLRQ ILWQHVV LQGPD]

LSLEN

GR M QSRSVL]

FDOO UDQ UDQG

LRWKHU M GLQW GEOH QSRSVL] M UDQG
GR Q QFKURPH
LWHPS LSDUHQW LRWKHU Q
LSDUHQW LRWKHU Q LSDUHQW M Q
LSDUHQW M Q LWHPS
FRQWLQXH

WHPS ILWQHVV LRWKHU

ILWQHVV LRWKHU ILWQHVV4
ILWQHVV M WHPS

FRQWLQXH

UHWXUQ

HQG

( 6XEURXWLQH GHFRGH L DUUD\ £DUUD\

7KLV URXWLQH GHFRGHV D ELQDU\ VWULQJ WR D UHDO QXPEH
LPSOLFLW GRXEOH SUHFLVLRQ D K R ]
VDYH
LQFOXGH SDUPUEO |
FRPPRQ JD QSDUDP QFKURPH
FRPPRQ JD J J LI

U

GLPHQVLRQ DUUD\ LQGPD[ QSDUPD[ LDUUD\ LQGPD[ QFKUPD]

GLPHQVLRQ J QSDUPD[ J QSDUPD[ LJ QSDUPD]

GR N QSDUDP
LSDUDP

P O

GR M P P LJ N

LSDUDP LSDUDP LDUUD\ L M PLJ N M
FRQWLQXH
DUUDVLN J N J N GEOH LSDUDP
FRQWLQXH
UHWXUQ
HQG

( 6XEURXWLQH FRGH M N DUUD\ £DUUD\

7KLV URXWLQH FRGHVY D SDUDPHWHU LQWR D ELQDU\ VWULQJ



LPSOLFLW GRXEOH SUHFLVLRQ D K R ]

VDYH

LQFOXGH SDUPUEO |1

FRPPRQ JD QSDUDP QFKURPH
FRPPRQ JD J J LJ

GLPHQVLRQ DUUD\ LQGPD[ QSDUPD[ LDUUD\ LQGPD[ QFKUPD]
GLPHQVLRQ J QSDUPD[ J QSDUPD[ LJ QSDUPD]

JLUVW HVWDEOLVK WKH EHJLQQLQJ ORFDWLRQ RI WKH SDUDPHWHU VWULQJ RI LQWHUHYV

LVWDUW
GR L N

LVWDUW LVWDUW 0OJ L
FRQWLQXH

J)LQG WKH HTXLYDOHQW FRGHG SDUDPHWHU YDOXH DQG EDFN RXW WKH ELQDU\ VWULQJ

P LJ N
LI JON HT 2 2 UHWXUQ
LSDUDP QLQW DUUD\ M N J N J N
GR L LVWDUW LVWDUW OJ N
LDUUD\ M L
LI LSDUDP JwW P WKHQ
LDUUD\ M L
LSDUDP LSDUDP P

HQGLI
PP
FRQWLQXH

ZQWH DUUD\ M N LSDUDP LDUUD\ M L OVWDUW LVWDUW LJ N
UHWXUQ
HQG

( 6XEURXWLQH SRVVLEO DUUD\ £DUUD\

7KLV VXEURXWLQH GHWHUPLQHV ZKHWKHU RU QRW DOO SDUDPHWHUV DUH ZLWKLQ WHK

SDUDPHWHU ,V UDQGRPO\ UHDVVLIJQHG ZLWKLQ WKH UDQJH 7KLV VXEURXWLQH

SRVVLELOLWLHV SHU SDUDPHWHU LV QRW RSWLPL]JHG WR EH Q L H LI QSRVVXP
LPSOLFLW GRXEOH SUHFLVLRQ D K R ]
VDYH
LQFOXGH fSDUDPVO
FRPPRQ JDO QSRSVO] QRZULWH
FRPPRQ JD QSDUDP QFKURPH
FRPPRQ JD J J LI
FRPPRQ JD SDUPD[ SDUPLQ SDUGHO QSRVLEO
GLPHQVLRQ DUUD\ LQGPD[ QSDUPD[ WLDUUD\ LQGPD[ QFKUPD]
GLPHQVLRQ J QSDUPD[ J QSDUPD[ LJ QSDUPD[ QSRVLEO QSDUPD]
GLPHQVLRQ SDUPD[ QSDUPD[ SDUPLQ QSDUPD[ SDUGHO QSDUPD]
GR L QSRSVL]
FDOO GHFRGH L DUUD\ £EDUUD\
GR M QSDUDP
QLI M LI M
LI QSRVLEO"M QH Q LJ M DQG DUUD\L M JW SDUPD[M WKHQ
FDOO UDQ UDQG
LUDQG GLQW GEOH QSRVLEO M UDQG
DUUD\ LM J M GEOH LUDQG J M
FDOO FRGH O M DUUD\ £DUUD\

.l QRZULWH HT 2 ZULWH LM
LI QRZULWH HT 2 ZULWH L M
HQGLI

FRQWLQXH
FRQWLQXH
IRUPDWH 3DUDPHWHU DGMXVWPHQW WR LQGLYLGXDO T L

f SDUDPHWHU £ 1
UHWXUQ
HQG
( 6XEURXWLQH UHVWDUWA EVWDUW NRXQW

7KLV VXEURXWLQH ZULWHV UHVWDUW LQIRUPDWLRQ WR WKH JD UHVWDUW ILOH

LPSOLFLW GRXEOH SUHFLVLRQ D K R ]

VDYH

,QFOXGH SDUPUEO |

FRPPRQ JDO QSRSVL] QRZULWH

FRPPRQ JD QSDUDP QFKURPH

FRPPRQ JD SDUHQW £SDUHQW

GLPHQVLRQ SDUHQW LQGPD[ QSDUPD[ LSDUHQW LQGPD[ QFKUPD]
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F &RPSXWH SDUDPHWHU DQG ILWQHVYV DYHUDJHV
IEDU ILWVXP GEOH QSRSVL]

GR Q QsSDhUDP
SDUDPDY Q SDUDPVP Q GEOH QSRSVL]
FRQWLQXH

F
F :ULWH RXWSXW LQIRUPDWLRQ
F LI QSRSVL] HT WKHQ
F ZULWH LSDUHQW N N QFKURPH
F SDUHQW N N QSDUDP ILWQHVV
F ZULWH $YHUDJH 9DOXHV
F ZUOWH SDUHQW N N QSDUDP IEDU
F HOVH
F ZULWH SDUDPDY N N QSDUDP IEDU
F HQGL
ZUOWH IEDU
ZULWH IEDU
ZULWH EHVW
ZULWH EHVW
ZULWH EHVW
F IRUPDW L [ [l [l
IRUPDW [ $YHUDJH )LWQHVV 9DOXH RI *HQHUDWLRQ |
IRUPDW [ OD[LPXP )LWQHVV 9DOXH
IRUPDW $YHUDJH 9DOXHV [ [l [l
F IRUPDW |
UHWXUQ
HQG
( 6XEURXWLQH IXQF M IXQFYDO

IRU VWDJH WZR
LPSOLFLW GRXEOH SUHFLVLRQ D K R ]
VDYH
LQFOXGH SDUPUE |
GLPHQVLRQ SDUWILWO LQGPD[ SDUWILW LQGPD]
FRPPRQ JD SDUWILWO SDUWILW
FRPPRQ LQSXWJD SFURVV SPXWDWH SFUHHS PD[JHQ LGXP LUHVWUW



IWRXUQ\ LHOLWH E£FUHHS LXQLIUP LVNLS LHQG
QFKLOG NRXQWP]

IXQFYDO SDUWILW M SDUWILW M
UHWXUQ
HQG

( '‘DWD ,QSXW ILOHYV

( QSXW IRU 553 IRU VWDJH RQH
6JDUEDS
LUHVWUW
QSRSVL]
QSDUDP
SPXWDWH
PD[JHQ
LGXP
SFURVYV
LWRXUQ\
LHOLWH
LFUHHS
SFUHHS
LXQLIUP
LQLFKH
PLFURJD
QFKLOG
LVNLS LHQG
QRZULWH
NRXQWP]
1 x1ul x1 ul x1 ul xI ul xi ul ull ul ulul i ul ol xd ulxd ol xd ol xd o xdolxd ol xd o
SDUPD]

QSRVLEO

FRRU
Sw
FSW
SDWK

FROOLV

6HQG
( ,QSXW ILOH IRU 555 IRU VWDJH RQH
6JDUEDU
LUHVWUW
PLFURJD
QSRSVL]
QSDUDP
SPXWDWH
PD[JHQ

LGXP

SFURVYV
LWRXUQ\
LHOLWH
LFUHHS
SFUHHS
LXQLIUP
LQLFKH
QFKLOG
LVNLS LHQG
QRZULWH
NRXQWP]
SDUPLQ

SDUPD]

QSRVLEO



GEFKIOJ
FRRU
Sw
FSW
SDWK

FROOE£V

HQG

( ,QSXW IRU 555 IRU VWDJH WZR
vVIDUEEU
LUHVWUW
PEFURJD
QSRSVE]
QSDUDP
SPXWDWH
PD[JHQ
LGXP
SFURVYV
£WRXUQ\
LHOEWH
LFUHHS
SFUHHS
EXQLIUP
£QEFKH
QFKLOG
LVNLS LHQG
QRZULWH
NRXQWP]
SDUPLQ

SDUPD]

QSRVLEO



QLFKIOJ

FRRU
SwW
HQG

( ,QSXW IRU 553 IRU VWDJH WZR
JDUEES
LUHVWUW
PLFURJD
QSRSVL]
QSDUDP
SPXWDWH
PD[JHQ
LGXP
SFURVYV
LWRXUQ\
LHOLWH
LFUHHS
SFUHHS
LQLFKH
LXQLIUP
QFKLOG
LVNLS LHQG
QRZULWH
NRXQWP]
SDUPLQ

SDUPD]

QSRVLEO



QLFKIOJ

FRRU
sw

6HQG

( *5%$63 )LOH IRU WKH 6HOHFWHG 8QLW :RUNFHOO
SRO\SULVP HGJH KHLJIKW DILV \

SRO\SULVP JLUGHU KHLJKW DILV |

FRS\ JLUGHU J J
VHW 3$EULGJH HGJH

JLUGHU VKLIW [ \ ]
J  VKLIW [ \ ]
J  VKLIW [ \ ]

FRS\ WDUJ WDUJB& WDUJB& WDUJB& WDUJB& WDUJB& WDUJB& WDUJB& WDU.
FRS\ WDUJ WDUJB& WDUJB & WDUJB& WDUJB& WDUJB& WDUJB& WDUJB&
FRS\ WDUJ WDUJB& WDUJB& WDUJB& WDUJB& WDUJB&

FRS\ WDUJ WDUJB3 WDUJB3 WDUJB3 WDUJB3 WDUJB3 WDUJB3 WDUJBDUP

FRS\ WDUJ WDUJB3 WDUJB3 WDUJB3 WDUJB3 wWDUJB3 WDUJB3

WR EULGJH GG WHOIUWB [
WR EULGJH GG WHOWUIB [
WR EULGJH DEGG WIIWIIIB [
WR EULGJH DGG WHOWIYB [
WR EULGJH DXGG WHOWIWB [
WR 3$EULGJH & GGVWDIWH

— e —



W EULGJH DGG WDUJB& VKLIW [ \ ]

WR EULGJH DGG WDUJB& VKLIW [ \ ]

WR EULGJH DGG WDUJB& VKLIW [ \ ]

WR 32EULGJH DGG WDUJB& VKLIW [ \ ]
WR 3$EULGJH DGG WDUJB& VKLIW [ \ ]

WR 3$EULGJH DGG WDUJB& VKLIW [ \ ]

WR 3$EULGJH DGG WDUJB& VKLIW [ \ ]

WR 3$EULGJH DGG WDUJB& VKLIW [ \ ]

WR 3$EULGJH DGG WDUJB& VKLIW [ \ ]

WR 3$EULGJH DGG WDUJB& VKLIW [ \ ]
WR 3$EULGJH DGG WDUJB& VKLIW [ \ ]
WR 3$EULGJH DGG WDUJB& VKLIW [ \ ]
WR 3$EULGJH DGG WDUJB& VKLIW [ \ ]
WR 3$EULGJH DGG WDUJB& VKLIW [ \ ]
SRO\SULVP 3FROOLV KHLJKW D[LV [

VHW FROOLVLRQ 3$FROOLV VKLIW [

WR 3$EULGJH DGG WDUJB3 VKLIW [
WR 3$EULGJH DGG WDUJB3 VKLIW [
WR 3$EULGJH DGG WDUJB3 VKLIW [
WR 3$EULGJH DGG WDUJB3 VKLIW [
WR 3$EULGJH DGG WDUJB3 VKLIW [ \ ]
WR 3$EULGJH DGG WDUJB3 VKLIW [
WR 3$EULGJH DGG WDUJB3 VKLIW [
WR 3$EULGJH DGG WDUJB3 VKLIW [
WR $EULGJH DGG WDUJB3 VKLIW [

WR 3$EULGJH DGG WDUJB3 VKLIW [ \ ]

WR 3$EULGJH DGG WDUJB3 VKLIW [ \ ]
WR 3$EULGJH DGG WDUJB3 VKLIW [ \ ]
WR 3$EULGJH DGG WDUJBDUP VKLIW [ \ ]

1RWH VHW WXUQBEULGJH S$EULGJIJH URWDWH ]
FROOLVLRQ URWDWH ]
VWRS

( *5%$63 )LOH IRU 553 &RQILIXUDWLRQ ZLWK )RXU SDWK 7UDF

URERW UUS QHZ W\SH SKG
MRLQW UHYROXWH ]
MRLQW UHYROXWH \
MRLQW SULVPDWLF ]

MRLQW  VKLIW ] UHYROXWH ]
MRLQW  VKLIW ] UHYROXWH \
MRLQW  VKLIW ] UHYROXWH ]
7$3 VKLIW |

PLQLPXP

PD[LPXP

LQLWLDO

SDUN

YHORFLW\
DFFHOHUDWLRQ
PD[LPXPBOLQHDUBVSHHG



ROLQGHU EDVH OHQJWK GLDPHWHU WROHUDQFH
WR UUS DGG EDVH VKLIW ]

F\OLQGHU F\O OHQJWK GLDPHWHU WROHUDQFH
VHW F\O F\O URWDWH [ VKLIW \

WR UUS- DGG F\O

FXERLG DUP

WR UUS- DGG DUP VKLIW [ \ ]

F\OLQGHU URW OHQJWK GLDPHWHU WROHUDQFH
WR UUS- DGG URW

F\OLQGHU URW OHQJWK GLDPHWHU WROHUDQFH
WR UUS- DGG URW URWDWH [ VKLIW \
F\OLQGHU URW OHQJWK GLDPHWHU WROHUDQFH
WR UUS- DGG URW

UHYVROLG QR] DQJOH LQFUHPHQW

VHW *B7&3

VHW JULSSHU QR]

*B7&3 VKLIW ]

WRRO JULSSHU 7&3 *B7&3

PRXQW JULSSHU VKLIW [ ] RQ UUS

QRWH FXERLG 11U
QRWH FXERLG 1IU
QRWH FXERLG IU
QRWH FXERLG IU
QRWH FXERLG GHFN

QRWH VHW IUDPH v
QRWH 11U VKLIW [
QRWH IU  VKLIW [
QRWH U  VKLIW [ \

QRWH GHFEN VKLIW ]

QRWH F\OLQGHU ZK OHQJWK GLDPHWHU WROHUDQFH
QRWH FXERLG YHU

QRWH VHW ZKHHO ZK URWDWH [

QRWH  YHU VKLIW [

QRWH FRS\ ZKHHO ZKHHO ZKHHO ZKHHO

QRWH WR IUDPH DGG ZKHHO VKLIW [ \

QRWH ZKHHO VKLIW [ \

QRWH ZKHHO VKLIW [ \ URWDWH ]

QRWH ZKHHO VKLIW [ \ URWDWH ]

QRWH WR ZRUNSODFH DGG IUDPH VKLIW | \ ]
VWRS

( *5%$63 )LOH IRU 555 &RQILIJXUDWLRQ ZLWK )LYH SDW|

URERW UUU QHZ W\SH SKG
MRLQW UHYRLXWH ]

MRLQW UHYROXWH \

MRLQW VKLIW ] UHYROXWH \
MRLQW  VKLIW ] UHYROXWH ]
MRLQW  VKLIW ] UHYROXWH \
MRLQW  VKLIW ] UHYROXWH ]
7$3 VKLIW [

PLQLPXP

PD[LPXP

LQLWLDO

SDUN

YHORFLW\

DFFHOHUDWLRQ

F\OLQGHU EDVH OHQJWK GLDPHWHU WROHUDQFH
WR UUU DGG EDVH VKLIW ]

F\OLQGHU F\O OHQJWK GLDPHWHU WROHUDQFH
VHW F\O F\O URWDWH [ VKLIW \

WR UUUMO DGG F\O

FXERLG /

WR UUU- DGG / VKLIW [ \ ]



ROLQGHU F\O OHQJWK GLDPHWHU WROHUDQFH
FXERLG /

VHW DUP F\AO URWDWH | VKLIW \

I VKLIW [ \ ]

WR UUU- DGG DUP

F\OLQGHU URW OHQJWK GLDPHWHU WROHUDQFH
WR UUU- DGG URW

F\OLQGHU URW OHQJWK GLDPHWHU WROHUDQFH
WR UUU- DGG URW URWDWH [ VKLIW \
F\OLQGHU URW OHQJWK GLDPHWHU WROHUDQFH
WR UUU- DGG URW

UHYVROLG QR] DQJOH LQFUHPHQW

VHW *B7&3
VHW JULSSHU QR]

*B7&3 VKLIW ]

WRRO JULSSHU 7&3 *B7&3

PRXQW JULSSHU VKLIW [ ] RQ UUU

QRWH FXERLG 11U
QRWH FXERLG 11U
QRWH FXERLG 11U
QRWH FXERLG IU
QRWH FXERLG GHFN

QRWH VHW IUDPH v
QRWH IU  VKLIW [
QRWH U VKLIW [
QRWH IU  VKLIW [ \

QRWH GHFN VKLIW ]

F\OLQGHU ZK OHQJWK GLDPHWHU WROHUDQFH
FXERLG YHU

VHW ZKHHO ZK URWDWH [

YHU VKLIW [

FRS\ ZKHHO ZKHHO ZKHHO ZKHHO

WR IUDPH DGG ZKHHO VKLIW [ \

ZKHHO VKLIW [ \

ZKHHO VKLIW [ \ URWDWH ]

ZKHHO VKLIW [ \ URWDWH ]

WR ZRUNSODFH DGG IUDPH VKLIW [ \ ]
WR :25.3/%$&( DGG 7%5*

uuu

5HIREMHFWMLVW

uuu
125.3/$&(

SDWK 373 SWSW SHUFHQWDJH YHORFLW\ DFFHOHUDWLRQ
SDWK 6/3 VWUDLJKW VSHHG DFFHOHUDWLRQ
WUDFN 75

SDUN SDWK 373

SRVLWLRQ :25.3/$&( VKLIW ; \ ] SDWK 373
SRVLWLRQ :25.3/$&( VKLIW ; \ ] SDWK 6/3
SRVLWLRQ :25.3/$&( VKLIW ; \ ] SDWK 6/3
SRVLWLRQ :25.3/$&( VKLIW ; \ ] SDWK 373
SRVLWLRQ :25.3/$&( VKLIW ; \ ] SDWK 6/3
SRVLWLRQ :25.3/$&( VKLIW ; \ ] SDWK 6/3
SRVLWLRQ :25.3/$&( VKLIW ; \ ] SDWK 373
SRVLWLRQ :25.3/$&( VKLIW ; \ ] SDWK 6/3
SRVLWLRQ :25.3/$&( VKLIW ; \ ] SDWK 6/3
SRVLWLRQ :25.3/$&( VKLIW ; v SDWK 373
SRVLWLRQ :25.3/$&( VKLIW ; \ ] SDWK 6/3
SRVLWLRQ :25.3/$&( VKLIW ; Vo] SDWK 6/3
SRVLWLRQ :25.3/$&( VKLIW ; Vo] SDWK 373
SRVLWLRQ :25.3/$&( VKLIW ; \ ] SDWK 6/3
SRVLWLRQ :25.3/$&( VKLIW ; Vo] SDWK 6/3

SDUN SDWK 373

VWRS



$33(1',; )$FURQ\PV

' 7TKUHH 'LPHQVLRQ

$&" $FRXVWLF &UDFN 'HWHFWRU

$) $XWRPDWHG )DFLOLW\

$( $FRXVWLF (PLVVLRQ

&$5/ &RQVWUXFWLRQ $XWRPDWLRQ DQG 5RERWLFV /DERUL
&3 &RQWLQXRXV 3DWK

&30 &RQWUROOHG 3DWK ORWLRQ

&7 &RPSXWHU 7RPRJUDSK\

'2) '"HJUHH V RI JUHHGRP

( (QJILQHHULQJ 'HVLJQ

(35 (OHFWURFKHPLFDO 3RWHQWLDO DQG 5HVLVWDQFH OH
*$ *HQHWLF $0OJRULWKP

*5$63 5RERW 6LPXODWLRQ 6RIWZDUH E\ %<*

0&' ODJQHWLF &UDFN 'HWHFWRU

03,5 0OXOWL SXUSRVH ,QWHULRU 5RERW
1'7 1RQ GHVWUXFWLYH 7HVWLQJ

373 SRLQW WR 3RLQW 3DWK

4)" 4XDOLW\ )XQFWLRQ '"HSOR\PHQW

5%35 5RERWLF %ULGJH 3DLQW 5HPRYDO 6\VWHP
52%&%$' 5RERW 6LPXODWLRQ 6RIWZDUH

535 5RO0 SLWFK UROO :ULVW

53< 5RO0 SLWFK \DZ :ULVW

553 6SKHULFDO &RQILIJXUDWLRQ UHYROXWH UHYROXWH S
555 $UWLFXODWHG &RQILIJXUDWLRQ UHYROXWH UHYRLXW
57 5DGLRJUDSKLF 7HVWLQJ

60) 6LQJOH )LIXUH RI OHULW

6*$ 6LPSOH *HQHWLF $OJRULWKP

7% 7DVN %DVHG 'HVLJQ

87 SOWUDVRQLF 7THVWLQJ



$SSHQG LY BE O HDMQG)LIXU HW RP(JWH U Q®®BHU 3WHGA RU

9HU LILFDW LRQ



5()(5(1&(6

0 $EUDVLYH 6\WWHPV 'LYLVLRQ 3XEOLVKHG 3URGXFW
%XLOGLQJ 1 6W 3DXO KWWS ZZZ YLNLQTWDSHV FR X
$($ 7HFKQRORJ\ SLF $57,6%1 SXEOLVKHG 3URGXFW /]

/IDERUDWRU\ 5HPRWH +DQGOLQJ DQG 5RERWLFV "HSDUWPHC
8. KWWS 7ZZZ DHDW FR XN

$GGOHVWRQ / DQG 5LFH 6 3HUIRUPDQFH RI ODWHULDO
+HLQHPDQQ
$KXDFW]LQ -0 7DOEL (* %HVVLHUH 3 DQG OD]HU (

$OJRULWKPV IRU 5RERW ORWLRQ 30DQQLQJ" *HRPHWULF 5t
$FWLRQ :RUNVKRS *HUPDQ\ 6SULQJHU 9HUODJ

$QIJHOLQH 3 - 6DXQGHUV *0 DQG 3ROODFN - % 3$Q
WKDW &RQVWUXFWYV B5HFXUUHQW 1HXUDO 1HWZRUNV’ L (((
IHWZRUNYV

$TXD %ODVW 3$TXD %ODVW SOXV 6\WWHP"~ 3XEOLYV
$TXD %ODVW /WG 6RXWK "HQHV 5RDGKWWB8IRDNXDEE OBBW &R

$UBPDV - OLFKDOHZLF] = DQG OXODZND - 3$ *HQHWLF ¢

3RSXODWLRQ 6L]H° 3URFHHGLQJV RI WKH )LUVW ,((( &RQ
&RPSXWDWLRQ )ORULGD 86$%

$VKLUX , &]DUQHFNL & DQG 5RXWHQ 7 3@ KDUDFWHU
$SSURDFK WR 3DWK 30DQQLQJ IRU ORELOH 5RERWV’~ -RXUQ
$SSOLFDWLRQV

%DED 1 DQG .XERWD 1 S& ROOLVLRQ $YRLGDQFH 30DQQ
E\ 8VLQJ *HQHWLF $OJRULWKP  7KH )LUVW ,((( &RQIHUH
&RPSXWDWLRQ ,((( 1< 86$%

%DFK 7 (YROXWLRQDU\ $OJRULWKPV LQ 7KHRU\ DQG 3UL
(YROXWLRQDU\ 3URJUDPPLQJ *HQHWLF $OJRULWKPV 2[IRUG
%DL < DQG %HUQROG [/ ( '"HYHORSPHQW RI D 5SRERWLF

WR EH SXEOLVKHG LQ WKH 3URFHHGLQJV RI $6&( 6SHFLDOL!
&KDOOHQJLQJ (QYLURQPHQWYV  1HZ <RUN 86% $6&(

%DNHU - ( s$GDSWLYH 6HOHFWLRQ OHWKRGV IRU *HQH
,QWHUQDWLRQDO &RQIHUHQFH RQ *HQHWLF $OJRULWKPYV
(UOEDXP

%DUERVD + - & 3$ &R HYROXWLRQDU\ *HQHWLF $0OJRULWI

BWUXFWXUDO 2SWLPL]DWLRQ" 3URFHHGLQJV RI WKH 6HYHQ
*HQHWLF $OJRULWKPYV (DVW /DQVLQJ 00 86%

5



%DWOLQJ 8 DQG OXHKOHQEHLQ + 3I2SWLPL]DWLRQ R
'LVWULEXWLRQ 6\WWHPV E\ WKH %UHHGHU *HQHWLF $OJRULW
BHYHQWK ,QWHUQDWLRQDO &RQIHUHQFH RQ *HQHWLF $0JRL

%DXHU 5 - *HQHWLF $OJRULWKPYV DQG ,QYHVWPHQW 6WL
,QF 1< 86%

%HHFKH 6\VWHPVY &RUSRUDWLRQ ORGXODU 6SDFH )UDPH
6\VWHPV G6FRWLD 1 < 869%

%HOHZ 5. DQG %RRNHU /% HGLWRUV SURFHHGLQJV R

&RQIHUHQFH RQ *HQHWLF $O0OJRULWKPV 6DQ ODWHR &% 8
3XEOLVKHUYV

%HQQHWW 3 - $EUDVLYH $LU %ODVW &OHDQLQJ *RRG
6WHHO 6WUXFWXUHYV 3DLQWLQJ &RXQFLO 663&
%YHUQROG [/ ( DQG ORRQ 6 SRERWLF %ULGJH 3DLQW 5H

(YDOXDWLRQ RI 3URPLVLQJ 7HFKQRORJLHV SURMHFW 5H
$GPLQLVWUDWLRQ 1RUWK &DUROLQD 6WDWH 8QLYHUVLW\ 8

%HYDQ 15 DQG /XN % / 3$ 6HQVRU %DVHG $XWRQRPRX
8QVWUXFWXUHG (QYLURQPHQWYVY" 3URFHHGLQJV RI WKH W
86 $ (OVHYLHU

%LUFKRQ 1RQ GHVWUXFWLYH 7HVWLQJ 2[IRUG 8QLYHU

%UDPOHWWH O0) DQG &XVLF 5 % 3$ FRPSDUDWLYH HYDC
DSSOLHG WR SDUDPHWULF GHVLJQ RI DLUFUDIW’ 7KLUG
*HQHWLF $OJRULWKPV /RV $OWRV &% 86% ORUJIJDQ .DXIPDQ

%ULWLVK &RQVWUXFWLRQ 6WHHOZRUN $VVRFLDWLRQ 3U
6WHHO %ULGJHV %&6% /RQGRQ 8.

%ULWLVK '"HIHQFH 6WDQGDUGYV OR' 8. 1(6 $EUDVLYH ¢
$XJ

%6, %ULWLVK 6WDQGDUGY ,QVWLWXWLRQ % 6 6WHI
%ULGJHV 3W /IRQGRQ 8.

%6, %6 6XVSHQGHG 6DIHW\ &KDLUV DQG &UDGOHV IRL
,QGXVWU\ 8. 1RY

%6, %6 6SHFLILFDWLRQ IRU +LJK (IILFLHQF\ "XVW 5H)\

%6, %6 BHUPDQHQW 6XVSHQGHG $FFHVV 6\VWHP 8.

%6, %6 6SUD\LQJ RI OHWDO 3URWHFWLYH &RDWLQJV R



%, w6 (1 5XEEHU DQG 30ODVWLF +RVH $VVHPEOLH'
6SUD\LQJ 8.

%6, %6 3UHSDUDWLRQ RI BWHHO 6XEVWUDWHY EHIRU
5HODWHG 3URGXFWV 8.

%6, %6 6SHFLILFDWLRQ IRU 5XEEHU 6DQGEODVW +RYV

%6, %6 (1 6SHFLILFDWLRQ IRU 'HJUHHV RI 3URWI
(QFORVXUHV ,3 FRGH 8.

%ULWLVK 6WHHO &RUSRUDWLRQ %ULGJHG LQ 6WHHO 6HU

%URZQ & : '"HVLJQ RI BWHHO %ULGJHV IRU 'XUDELOLW\ ¢
7HFKQLFDO 5HS 1R %ULWLVK &RQVWUXFWLRQDO 6WH

%URZQ '5 DQG .XR <HQ +ZDQJ . < S6ROYLQJ )L[HG &RQ
ZLWK *HQHWLF 6HDUFK"~ B5HVHDUFK LQ (QJLQHHULQJ 'HVLJQ

%XFNOH\ 0 S0XOWLFULWHULD (YDOXDWLRQ OHDVXUHV
(QYLURQPHQW DQG 30DQQLQJ %

%XOORFN * 1 'HQKDP 0- 3DUPHH , & DQG :DGH - * :

WKH 8VH RI WKH *HQHWLF $OJRULWKP LQ (QJLQHHULQJ 'HV|

%XQJH\ -+ DQG OLOODUG 6 * s5DGDU ,QVSHFWLRQ RI 6V
7KH ,QVWLWXWLRQ RI &LYLO (QJLQHHUV 6WUXFWXUHV DQG ¢

%XUVWHLQ 7 6KUHLU // DQG -DUPDQ 5 $ &RUURVLEF
+HLQHPDQQ

&DJDQ - DQG $JRJLQR $ 0 $, QQRYDWLYH 'HVLJQ RI Ol
IURP )LUVW 3ULQFLSOHV $0 ('$0

&DUUROO '/ 7KH *HQHUDO *HQHWLF $OJRULWKP

FDUUROO#X[K FVR XLXF HGX

&1 (XURSHDQ &RPPLWWHH IRU 6WDQGDUGLVDWLRQ 35(1 =
BURWHFWLYH 'HYLFHV

&(1 35(1 6DIHW\ Rl ODFKLQHU\ (YDOXDWLRQ RI '
$LUERUQH +D]DUGRXV 6XEVWDQFHYV

&KDPEHUODLQ ' $ $ UHPRWHO\ 2SHUDWHG %XLOGLQJ ,Q\
&RQVWUXFWLRQ (OVHYLHU 6FLHQFH 3XEOLVKHUV % 9 1HWK

&KHQ , 0 DQG %XUGLFN - : S'HWHUPLQLQJ 7DVN 2SW
$VVHPEO\ &RQILIJXUDWLRQV  ,((( ,QWHUQDWLRQDO &RQIH
$XWRPDWLRQ



&KHQ &K DQG 7VHQJ &K 6 37KH 3DWK DQG /RFDWLRQ 30
*HQHWLF $OJRULWKPV" -RXUQDO RI ,QWHOOLJHQW ODQXIDFW
&LIQDWWD - 9 38VH RI 5RERWLFV IRU 5HSODFLQJ %OD\
SURMHFWYV" 3URFHHGLQJV Rl 663& ,QWHUQDWLRQDO &RQIH!
&ROOLH $$ DQG %LOOLQJVOH\ - S'"HVLIJQ DQG 3HUIRU
&OLPELQJ 5RERW" 3URFHHGLQJV RI WKH WK ,6$5& %ULVWRC
&UDLJ - - ,(QWURGXFWLRQ WR 5RERWLFV OHFKDQLFV D
3XEOLVKLQJ &RPSDQ\ OHQOR 3DUN &DOLIRUQLD 86%
&XVDFN 0 DQG )RJDUW\ 7 3S$XWRQRPRXV /HDUQLQJ LQ
URFHHGLQJV RI WKH WK ,6$5& +RXVWRQ 7H[DV 86 $ (OV
'‘DYLGRU < *HQHWLF $OJRULWKPV DQG 5RERWLFV $
2SWLPLVDWLRQ 6LQJDSRUH :RUOG 6FLHQWLILF 3XEOLFDWL
'DYLGRU < DQG *ROGEHUJ < 33Q (YROXWLRQ 6WDQG
BHGXQGDQW ODQLSXODWRUV"- 3DUDOOHO 3UREOHP 6ROYLQ.
*HUPDQ\ 6SULQJHU 9HUODJ
'DYLV [/ HG +DQGERRN RI *HQHWLF $OJRULWKPV 1HZ <F
5HLQKROG
'DZVRQ ' &ORXJK 3 DQG 6LON O SBOWUDVRQLF "HWHFW
&UDFNV 1RUWKHUQ 5HVHDUFK DQG +DUZHOO /DERUDWRULH
'"HE . DQG *ROGEHUJ ' ( 3$Q ,QYHVWLIDWLRQ RI 1LFKH
LQ *HQHWLF )XQFWLRQ 2SWLPLVDWLRQ’ SURFHHGLQJV
&RQIHUHQFH RQ *HQHWLF $OJRULWKPV 6DQ ODWHR 86% OR!

'H .OHLMQ % 9 %ODVW DQG 6SUD\ (TXLSPHQW 3XEOLV
+RJHZDDUG .3 +HHUHZDDUGHQ +ROODQG

'"HQDYLW - DQG +DUWHQEHUJ 56 '$ .LQHPDWLF 1R
OHFKDQLVPV %DVHG RQ ODWULFHV" -RXUQDO RI $SSOLHG 0|

'"HQE\ % DQG 6FKRILHOG ' 32SHQ SLW 'HVLJQ DQG 6F
*HQHWLF $OJRULWKPV" 0OLQLQJ DQG OHWDOOXUJ\ 6HFWLRQ

"1 '(876&+(6 ,167,787 )85 125081* (9 ',1 (1*/,6+

7THVWLQJ WKH 8VH DQG (IIHFWLYHQHVV RI OHWDOOLF $EUD\
*HUPDQ\ 2FWREHU

'RRQHU 0 3&RPSXWHU 6LPXODWLRQ WR $LG 5RERW
(QJHQHHULQJ 6HULHYV (( /RQGRQ 8.
'R7 'HSDUWPHQW RI 7UDQVSRUW %ULGJH ,QVSHFWLRQ *

'R7 &RGH RI BUDFWLFH IRU 5RXWLQH ODLQWHQDQFH ' 7S



'R7 1RWHV IRU *XLGDQFH RQ WKH 6SHFLILFDWLRQ IRU
/IRQGRQ 8. $XJIXVW

'‘R7 6SHFLILFDWLRQV IRU +LJKZD\ :RUNV +062 /RQGRQ 8

'‘R7 7UXQN 5RDG ODQDJHPHQW DQG ODLQWHQDQFH 1RWL
5RDG DQG ORWRUZD\ 6WUXFWXUHV 5HFRUGY DQG ,QVSHFWL

P &/ $S5EHSUHVHQWDWLRQ DQG 3UREOHP VROYLQJ
(QJLQHHULQJ 'HVLJQ (QYLURQPHQW DQG 30DQQLQJ %

(DUO &) DQG 5RRQH\ - s6RPH .LQHPDWLF 6WUXFWXUH
'"HVLJQV - RI OHFKDQLVPV 7UDQVPLVVLRQV DQG $XWRPDW

(1 6DIHW\ RI ODFKLQHU\

(VFKDQDXHU + .RVNL - DQG 2V\FIND $ HGLWRUYV
2SWLPL]DWLRQ 6SULQJHU 9HUODJ

J)LQJHU 6 DQG 'L[RQ -5 D 2*$ 5HYLHZ RI 5HVHDUFK LQ OH
'"HVLJQ SDUW , 'HVFULSWLYH 3UHVFULSWLYH DQG &RPSX\
BURFHVVHV" B5HVHDUFK LQ (QJLQHHULQJ 'HVLJQ

J)LQJHU 6 DQG 'L[RQ -5 E 3$ 5HYLHZ RI 5HVHDUFK LQ OH
'"HVLJQ SDUW ,, 'HVFULSWLYH 3UHVFULSWLYH DQG &RPSX
3URFHVVHV" 5HVHDUFK LQ (QJLQHHULQJ 'HVLJIQ 7

J)LQJHU 6 DQG 5LQGHUOH - 5 3$ 7UDQVIRUPDWLRQDO
'"HVLJQ XVLQJ D %RQG *UDSK *UDPPDU’~ 'HVLJQ 7KHRU\ DQG

)JORZ 8. )ORZ ,QWHUQDWLRQDO &RUSRUDWLRQ 3XEOLN\
+LJK 7UHHV B6KHIILHOXKWWS*) Z&Z IORZFRUS FRP

JRQOVHFD & 0 DQG )OHPLQJ 3 - S*HQHWLF $OJRULWKF
2SWLPL]DWLRQ )RUPXODWLRQ 'LVFXVVLRQ DQG *HQHUDOL
JLIWK ,QWHUQDWLRQDO &RQIHUHQFH RQ *HQHWLF $0OJRUL)
86%$ ORUJDQ .DXIPDQQ 3XEOLVKHUV

JRUGH 0 & 3, PSXOVH 5DGDU 7HVWLQJ RI 6WUXFWXUHV" 3
RI &LYLO (QJLQHHUV B6WUXFWXUHV DQG %XLOGLQJV /RQGRC

JRUUHVW 6 HGLWRU 3URFHHGLQJV RI WKH )LIWK ,Q
*HQHWLF $OJRULWKPV B8UEDQD &KDPSDLJQ .,/ 86% ORUJDQ

JUHQFK 0 &RQFHSWXDO 'HVLJQ IRU (QJLQHHUV UG (G

*DUVLGH $ 3% ULGJH $FFHVV 6\WWHPV $ 1HDWK 5LYHU
'RFN 9LDGXFW ~ 7KH 6WUXFWXUDO (QJLQHHU 8.

*DWHV 0 DQG 6FDUSD $ s@ULWHULD IRU WKH 6HO
(TXLSPHQW  $6&( -RXUQDO RI WKH &RQVWUXFWLRQ 'LYLVLR



*(& $OVWKRP (QJLQHHULQJ 6\WWHPV /WG $60 SHIXUEL
3XEOLVKHG 3URGXFW /LWHUDWXUH &DPEULGJH 5G "KHWVW
KWWS LQIR OXW DF XN GHSDUWPHQWY FY HFL FRPSDQY THF

*HOVH\ $ 6FKZDEDFKHU 0 DQG 6PLWK ' 8VLQJ ORGH
*XLGH 'HVLJQ 6HDUFK 6SDFH $UWLILFLDO ,QWHOOLJHQFH

*HQ 0 DQG &KHQJ 5 *HQHWLF $OJRULWKPV DQG (QJLC
'LOH\ 6RQV

*LSV - DQG 6WLQ\ * S3URGXFWLRQV 6\WWHPV DQG *UDP]|
30DQQLQJ %

*ROGEHUJ '( DQG 5LFKDUGVRQ - S*HQHWLF $0OJRULV

OXOWLPRGDO )XQFWLRQ 2SWLPLVDWLRQ’ SURFHHGLQJV
&RQIHUHQFH RQ *HQHWLF $OJRULWKPV &DPEULGJH 0% 8
3XEOLVKHUYV

*ROGEHUJ ' ( D *HQHWLF $OJRULWKPV LQ 6HDUFK 2SW
/IHDUQLQJ 5HDGLQJ ODVVDFKXVHWWY 86% $GGLVRQ :HVOH\
*ROGEHUJ "( E 36L]JLQJ 3RSXODWLRQV IRU 6HULDO |

$OJRULWKPV’ SURFHHGLQJV RI WKH UG ,QWHUQDWLRQD
$OJRULWKPY 6DQ ODWHR &$ 86% ORUJDQ .DXIPDQQ 3XEOLV

*ROGEHUJ ' ( .RUG % DQG 'HE . 30HVV\ *HQHWLF $01J
$QDOVWLYV DQG )LUVW 5HVXOWYVY" &RPSOH[ 6\VWHPYV
*ROGEHUJ ' ( 3¢ 1RWH RQ %ROW]PDQQ 7RXUQDPHQW ¢

$OJRULWKPY DQG 3RSXODWLRQ 2ULHQWHG 6LPXODWHG $Q
86% &RPSOH[ 6\VWHPV 3XEOLFDWLRQV ,QF

*ROGEHUJ " S*HQHWLF DQG 5HYROXWLRQDU\ $OJRUI
&RPPXQLFDWLRQV RI WKH $&0 86%
*ROGEHUJ ' ( DQG 'HE . 3$ &RPSDUDWLYH $QDO\VLV R

8VHG LQ *HQHWLF $OJRULWKPV" )RXQGDWLRQ RI *HQHWLF
HG 6DQ ODWHR &$ 86$ ORUJDQ .DXIPDQQ 3XEOLVKHUV
*ROGEHUJ '( 'HE . DQG &ODUN - + S*HQHWLF $OJRULV
RI 3BRSXODWLRQV’~ &RPSOH[ 6\VWHPV 86$% &RPSOH[ 6\VWHP\
*ROOV - $Q ,QWURGXFWLRQ LQWR 1'7 $PHULFDQ 6RFLHV
*UHJRU\ 1 '"HIHFWV  ZK\ 7KH\ 2FFXU KRZ WR 6WRS 7KHP
*UHIHQVWHWWH - - s2SWLPLVDWLRQ Rl & RQWURO 3DUDP
,((( TUDQVDFWLRQV RQ 6\VWHPV 0DQ DQG &\EHUQHWLFV

rZor



+DDV & 3(YROXWLRQ RI DQ $XWRPDWHG &UDFN 6HDOHU
7THFKQRORJ\ '"HYHORSPHQW" ™ $XWRPDWLRQ LQ &RQVWUXFWLF
IHWKHUODQGYV

+DQGD O +DVHJDZD < DQG ODWVXGD + S'HYHORSPHQV
8QLW $VVHPEO\ 6\WWHP ZLWK 5RERW :$6&25 ,9 5HVHDUFI
$XWRPDWLRQ LQ &RQVWUXFWLRQ (OVHYLHU $PVWHUGDP 71

+DXSW 5/ DQG +DXSW 6 ( SUDFWLFDO *HQHWLF $0OJRUL

+DUWHQEHUJ 56 DQG 'HQDYLW - .LQHPDWLF 6\QWKHV|
+LOO 1< 86%

+ROODQG - + $GDSWDWLRQ LQ 1DWXUDO DQG $UWLILFL
$UERU 8QLYHUVLW\ Rl OLFKLJDQ 3UHVV 86%

+XEND 9 BULQFLSOHV RI (QJLQHHULQJ 'HVLJQ 6SULQJHU

((( ,QVWLWXWH RI (OHFWULFDO DQG (OHFWURQLFV (QJLQHH
([SXOVLRQ )XVHV LQ (QFORVXUHV

(& & *XLGH IRU $SSOLFDWLRQ RI ([SXOVLRQ )XVHV

,SHF 3$0SKD 3RUWDEOH 9DFXXP 5HF\FOLQJ DQG
3XEOLVKHG 3URGXFW /LWHUDWXUH ,SHF *OREDO ,QF ‘K
50 866EWWS ZZZ LSHFTOREDO FRP

62 ,QWHUQDWLRQDO 2UJDQLVDWLRQ IRU 6WDQGDUGLVDWLRC
9DUQLVKHYV

,62 UHSDUDWLRQ RI 6WHHO 6 XEVWUDWHY EHIRUH
5HODWHG 3URGXFWV 9LVXDO DVVHVVPHQW RI VXUIDFH FOH

,62 ,5 SUHSDUDWLRQ RI 6WHHO 6XEVWUDWHY EHIRI
DQG 5HODWHG 3URGXFWYV 7THVWYV IRU WKH DVVHVVPHQW RI

,62 3UHSDUDWLRQ RI 6WHHO 6 XEVWUDWHY EHIRUH
5HODWHG 3URGXFWYV "

,62 3UHSDUDWLRQ RI 6WHHO 6 XEVWUDWHYV EHIRUH

5HODWHG 3URGXFWYV 6XUIDFH URXJKQHVV FKDUDFWHULYV
VXEVWUDWHYV

,62 UHSDUDWLRQ RI 6WHHO 6 XEVWUDWHY EHIRUH
5HODWHG 3URGXFWYV % 6 6XUIDFH SUHSDUDWLRQ F

,62 % 6 SUHSDUDWLRQ RI 6WHHO 6XEVWUDWHYV
3DLQWY DQG 5HODWHG 3URGXFWYV

,62 &RUURVLRQ RI OHWDOV DQG $0OOR\V &RUURVL
OHDVXUHPHQW RI 3ROOXWLRQ



'H -RQJ . $ DQG 6SHDUV : 0 3$ )RUPDO $QDO\VLV RI WK
&URVVRYHU ,Q *HQHWLF $0OJRULWKP"~ $QQDOV RI ODWKHPDW

-RXUQDO

'H -RQJ .$ DQG 6DUPD - s*HQHUDWLRQ *DSV 5HYLVLV
*HQHWLF $OJRULWKPYV :KLWOH\ /' HG 6DQ ODWHR &$
3XEOLVKHUYV

.$-,0% &2 23(5%$7,21 5(3257 -DSDQ

.DQH 75 DQG /HYLQVRQ '$ "\QDPLFV 7KHRU\ DQG $S
+LOO 1HZ <RUN 86$

.DQHNR 0 7DFKL 6 7DPH . DQG OLQRUX $ S%DVLF 6

:DONLQJ ODFKLQH IURP D 3RLQW RI (QHUJ\ (IILFLHQF\" ,((( -
$XWRPDWLRQ

.DQJDUL 5 DQG +DOSLQ ' : s3BRWHQWLDO 5RERWLFV 8WI
&RQVWU (QTUT DQG OQTPW $6&( 1< 86%

.DUU &/ DQG *ROGEHUJ ' ( s*HQHWLF DOJRULWKP ED
LQMHFWHG +\GURF\FORQH" B3URFHHGLQJV Rl OLQHUDO DQ
6\PSRVLXP &RQWURO 6DOW /DNH &LW\ 8WDK 86% $,0(

.LOQH 6 - 6LPLOLWXGH DQG $SSUR[LPDWLRQ 7KHRU\
*HUPDQ\

_.OHLQ &K $ DQG %ODKR % ( S'H[WHULW\ OHDVXUHV IRU W

.LQHPDWLFDOO\ 5HGXQGDQW ODQLSXODWRUV"™ 7KH ,QWHUC(
5HVHDUFK

.R]D -5 *HQHWLF 3URJUDPPLQJ 0,7 3UHVV &DPEULGJH

.ULVKQDNXPDU . S30LFUR *HQHWLF $OJRULWKPV IRU 6WD!
JXQFWLRQ 2SWLPLVDWLRQ™ 63,( ,QWHOOLJHQW &RQWURO D
BKLODGHOSKLD 3% 86%

.URWWPDLHU - 2SWLPLVLQJ (QIJLQHHULQJ 'HVLJQV OF*U

$bUwWV (+ .RUVW - DQG YDQ /DDUKRYHQ 3 - 6LPXOD
6HDUFK LQ &RPELQDWRULDO 2SWLPL]DWLRQ ( + $DUWV DC
:LOH\ 6RQV

IDUNXP 7 - 6XE VHD ODQLSXODWRUV $ 6XUYH\ RI &XUUH
6RIWZDUH &RQVXOWDQWYV /WG 8.
/ILQ + 6 ;LDR - DQG OLFKDOHZLF] = 3(YROXWLRQDU\ $0O

LQ ORELOH 5RERW (QYLURQPHQW" 3URFHHGLQJV RI WKH )
(YROXWLRQDU\ &RPSXWDWLRQV )ORULGD 86%



/IRKPDQQ 5 S6WUXFWXUH (YROXWLRQ DQG ,QFRPSOHV
&\EHUQHWLFV

IRKPDQQ 5 3$SSOLFDWLRQV RI 6WUXFWXUH (YROXWLRQ’
JOH[LEOH $XWRPDWLRQ .REH -DSDQ

IRYHMR\ 4XDOLW\ &RQWURO RI 3HQHWUDQW 7HVWLQJ

IRYHMR\ BHQHWUDQW 7HVWLQJ &KDSPDQ +LOO

IXFHV () ORRQ 6 5LKDQL 5% DQG %HUQROG / ( I5R
6DIHW\ LQ +LJKZD\ &RQVWUXFWLRQ DQG ODLQWHQDQFH 7
IDWLRQDO 5HVHDUFK &RXQFLO 86$%

ODKHU 0/ DQG .XQGX 6 3$GDSWLYH 'HVLJQ 8VLQJ D *H
D "'RUNVKRS RQ )RUPDO 'HVLJQ OHWKRGV IRU &RPSXW
7DOOLQLQ (VWRQLD

ODKIRXG 6 : *$ &RPSDULVRQ RI 3DUDOOHO DQG B6HTXHQ

URFHHGLQJV RI WKH WK ,QWHUQDWLRQDO &RQIHUHQF!
SLWWVEXUJK 3% 86% ORUJDQ .DXIPDQQ 3XEOLVKHUYV
ODUFKLRUL ( S&RPELQLQJ &RQVWUDLQW 3URFHVVLQJ D
&RQVWUDLQW 6DWLVIDFWLRQ 3UREOHPV’ SURFHHGLQJV R
&RQIHUHQFH RQ *HQHWLF $OJRULWKPV (DVW /DQVLQJ 00 ¢

OLFKDOHZLF] = *HQHWLF $OJRULWKPV 'DWD 6WUXFWX !
UG (G %HUOLQ *HUPDQ\ 6SULQJHU 9HUODJ

OLWFKHOO 0 ,QWURGXFWLRQ WR *HQHWLF $OJRULWKP®
3UHVV 86$%

ORRQ 6 DQG %HUQROG / ( '$ &RPSXWHU ,QWHJUDWHG
SRERWLF %ULGJH 3DLQW 5HPRYDO’ -RXUQDO RI 3URWHFYV
5LYHUWRQ 1- 868%$

0XOOLQV 6 DQG 5LQGHUOH -5 s*UDPPDWLFDO $SSU
'"HVLJQ 3DUW $Q ,QWURGXFWLRQ DQG &RPPHQWDU\" 5
'"HVLJQ

1IDYRQ 5 $'HWHUPLQDWLRQ RI 2SWLPDO &RQVWUXFWLRQ
-RXUQDO RI 7THFKQRORJ\

IDYRQ 5 D 3:HLJKW DQG 6WDELOLW)\ $QDO\VLV RI WKH 0X
B3URFHHGLQJV Rl WKH WK ,6$5& %ULVWRO 8 .

1IDYRQ 5 E 3&RVW DQG :HLJKW $QDO\VLV RI D &RQVWUXFW

'HVLIQ 6WDJH" $60( ODQXIDFWXULQJ 5HYLHZ 86%



1DYRQ 5 DQG :DUV]DZVNL $ )DFWRUV $IIHFWLQJ W
&RQVWUXFWLRQ 5RERW ,QWHUQDWLRQDO -RXUQDO RI &RQYV

1IDYRQ 5 S&RQFHSWXDO 'HVLJQ RI D )ORRULQJ 5RERW '}
DQG 5HVXOWYV" $XWRPDWLRQ LQ &RQVWUXFWLRQ (OVHYLHU
1DYRQ 5 DQG OF&UHD % 6HOHFWLRQ RI 2SWLPDO &RC

*HQHWLF $O0OJRULWKP -RXUQDO RI &RPSXWLQJ LQ &LYLO (QJ
86% S

IHDUFKRX $ & S6ROYLQJ WKH ,QYHUVH .LQHPDWLFV 3URLE
2SHUDWLQJ LQ &RPSOH[ (QYLURQPHQWY YLD D ORGLILHG *HC
DQG ODFKLQH 7KHRU\

1HOFR 3XEOLVKHG 3URGXFW /LWHUDWXUH 1HOFR 0DQX
%R 2NODKRPD &LW\ 2. 86%
1HUL ) DQG 6DLWWD / 3$QDO\WLYV RI *HQHWLF $OJRULW

SURFHHGLQJV RI WKH WK ,QWHUQDWLRQDO &RQIHUHQFF
SLWWVEXUJK 3% 86% ORUJDQ .DXIPDQQ 3XEOLVKHUYV

1LVKL $ DQG OL\DJL + SBURSHOOHU 7\SH :DOO FOLPELQJ
BURFHHGLQJV RI WKH WK ,6$5& )ORXVWRQ 7H[DV 86% (OVt
2KNXUD . DQG 8HGD . 3$Q ([WHQGHG )UDPHZRUN IRU 2Y

&RQYHUJHQFH" 3URFHHGLQJV RI WKH 6HYHQWK ,QWHUQDWI
$OJRULWKPYV (DVW /DQVLQJ 00 86$%

20LYHU - 5 S'LVFRYHULQJ ,QGLYLGXDO 'HFLVLRQ 5XOHV
$OJRULWKP’ URFHHGLQJV RI WKH WK ,QWHUQDWLRQD!
$OJRULWKPYVY BUEDQD &KDPSDLJQ ,/ 86% ORUJDQ .DXIPDQQ

3DKO * DQG %HLW] : (QILQHHULQJ 'HVLJQ $ 6\WWHPD'
6SULQJHU 9HUODJ

3DUHGLV &K - - %URZQ + % DQG .KRVKOD 3. 3%
ODQLSXODWRU 6\WWHP~ S5RERWLFV DQG $XWRQRPRXV 6\VWH

3KDP '7 DQG <DQJ < 3$ *HQHWLF $OJRULWKP %DVHG

6\VWHP"~ 3URFHHGLQJV RI WKH OHFKDQLFDO (QJLQHHULQJ ,
$XWRPRELOH (QJLQHHULQJ

ULWVFKRZ * 'DODFNHU 0 DQG .XU] - STHFKQRORJ
'"HYHORSPHQW RI D ORELOH %ULFNOD\LQJ 5RERW" $XWRPDW
$PVWHUGDP 7KH 1HWKHUODQGYV



3XJK 6 7TRWDO 'HVLJQ , QWHJUDWHG OHWKRGV IRU
(QJLQHHULQJ $GGLVRQ HVOH\ 3XEOLVKHUV /WG 8.

5DQN\ 3 * DQG +R & < 5RERW ORGHOOLQJ &RQWURO
6RIWZDUH 6ULQJHU 9HUODJ
5DVKHHG . DQG +LUVK + 38VvLQJ &DVH EDVHG /HDUQLQ.,

$OJRULWKP %DVHG 'HVLJQ 2SWLPL]DWLRQ" 3URFHHGLQJV R
&RQIHUHQFH RQ *HQHWLF $OJRULWKPV (DVW /DQVLQJ 00 ¢

5DXWDUXXNNL BSXEOLVKHG 3URGXFW /LWHUDWXUH 5DXW
.LLODNLYHQWLH 32 %R] JLOKWW2XZXZ)URRWOQAXXNNL
5xOLQV * - ( HGLWRU JRXQGDWLRQV RI *HQHWLF $0O
6\VWHPV 6DQ ODWHR &$ 86% ORUJDQ .DXIPDQQ 3XEOLVKHU
5LQGHUOH -5 3S*UDPPDWLFDO $SSURDFKHV WR (QJLQI

OHOGLQJ &RQILIXUDWLRQ DQG 3DUDPHWULF 'HVLJQ 8VLQ
SHVHDUFK LQ (QJLQHHULQJ 'HVLJQ

SREHU\ 3 $1RZ <RX 6HH ,W 5DGDU 9LEUDWLRQ DQ
,QYHVWLJDWLQJ 7RROV IRU 6WUXFWXUHV" &RQVWUXFWLRQ
-XQH

5RFNH\ . DQG (YDQV $ 7KH '"HVLJQ Rl 6WHHO %ULGJHYV

5RRIJHQEXUJ 1)0 DQG (HNHOV - 3URGXFW 'HVLJQ )
OHWKRGV -RKQ :LOH\ 6RQV /WG 8.

5RVHQIHOG < DQG :DUV]DZVNL $ S5RERWLF 3HUIRUPDC

:RUNV 'HYHORSPHQW RI )XOO 6L]H $SSOLFDWLRQV"~ 3URFH
%ULVWRO 8 .

5RVHQIHOG < 6KRKHW , 0 DQG :DUV]DZVNL $ 2SWLF
7DVN 30DQQLQJ IRU $XWRQRPRXV &RQVWUXFWLRQ 5RERWYV
&RQVWUXFWLRQ ,QIRUPDWLRQ 7THFKQRORJ\ 8QLYHUVLW\ RI

5RVV 7 SOHWDO &RUURVLRQ  1HZ 2[IRUG 8QLYHUVLW\ 3U|

5RVWRQ * 3 $ *HQHWLF OHWKRGRORJ\ IRU &RQILIXUDWL
&DUQHJLH OHOORQ 8QLYHUVLW\

6DNDL 6 DQG 7RNLRND 6 s PSURYHPHQW RI WKH 3DLQ\
$SSOLFDWLRQ RQ 6LWH" 3URFHHGLQJV RI WKH WK ,6$5& %U

6DQGRU * 1 DQG (UGPDQ $ * $GYDQFHG OHFKDQLVP 'H
6\QWKHVLV 9RO 3UHQWLFH +DOO ,QF (QJOHZRRG &OLII\

6DQGURLG 37KH 6DQGURLG 6\WWHP~ 3XEOLVKHG 3URG
6\WWHPV ,QF +LJK 5LGJH 5RDG %R\QWRQ %HDFK )ORUI



6DUP - DQG 'H -RQJ . 3$Q $QDO\VLV RI /RFDO B6HOHFW
6SDWLDOO\ 6WUXFWXUHG (YROXWLRQDU\ $OJRULWKP 3L

,QWHUQDWLRQDO &RQIHUHQFH RQ *HQHWLF $OJRULWKPV (D

6FKDIIHU -' HGLWRU 3URFHHGLQJV RI WKH 7KLUG ,QW
*HQHWLF $OJRULWKQLYV 6DQ ODWHR &$ 86$% ORUJDQ .DXIPD

6FKLOOLQJ 5 - )XQGDPHQWDOV RI 5RERWLFV 3UHQWLFH
/IRQGRQ 8.

6FKLOOLQJ 7,781 2ULRQ &RQDQ 3XEOLVKHG 3URGHX
'"HYHORSPHQW 'D 9LQFL &RXUW 'DYLV &$
KWWS ZZZ VFKLOOLQT FRP

6IKPLGW / & DQG &DJDQ - SEHFXUVLYH $QQHDOLQJ $ &
ODFKLQH 'HVLJQ  5HVHDUFK LQ (QJLQHHULQJ 'HVLJQ

6FKRHQDXHU 0 DQG OLFKDOHZLF] = 1% RXQGDU\ 2SHU

3DUDPHWHU 2SWLPL]DWLRQ 3UREOHPV’ 3URFHHGLQJV RI
&RQIHUHQFH RQ *HQHWLF $OJRULWKPV (DVW /DQVLQJ 00 ¢

6FKZHIHO + 3 (YROXWLRQ DQG 2SWLPXP 6HHNLQJ :LOH\

6KLEDWD 7 )XNXGD 7 .RVXJH . DQG $UDL ) S6HOI
30DQQLQJ IRU OXOWLSOH ORELOH 5RERWV E\ *HQHWLF $0JR
SRERWLFV DQG &RQWURO

BKLJOH\ - ( OHFKDQLFDO (QJLQHHULQJ 'HVLJQ WK (G 0

6KUHLU / &RUURVLRQ 1HZQHV %XWWHUZRUWK

6NLEQLHZVNL 0 D 3*)UDPHZRUN IRU 'HFLVLRQ ODNLQJ RQ
LQ &RQVWUXFWLRQ ' $6&( -RXUQDO RI &RPSXWLQJ LQ &LYLO

6NLEQLHZVNL O E S5RERWLFV LQ &LYLO (QJLQHHULQJ 86$

6OLQJVE\ (QJLQHHULQJ /WG $50 3XEOLVKHG 3URGXF
.LUNE\PRRUVLGH 1RUWK <RUNKMKWISH %ZZ (RF8/RWRQ DF XN

BRQ - DQG 6NLEQLHZVNL 0 S*HQHWLF $OJRULWKPV L
&RPSXWDWLRQV' ,QWHUQDWLRQDO -RXUQDO Rl &RQVWUXI
6DOIRUG 8. 8QLYHUVLW\ RI 6DOIRUG 3UHVV

6SDWK ' DQG $QGUHV - 3@ RQFHSW RI D 5RERW IRU ,Q\
WKH ([DPSOH RI :DOO 60LWV LQ ODVRQU\" $XWRPDWLRQ
$PVWHUGDP 7KH 1HWKHUODQGYV

6SHDUV : 0 DQG 'H -RQJ . $ 32Q WKH 9LUWXHV RI 3DU
&URVVRYHU" 3URFHHGLQJV RI WKH )RXUWK ,QWHUQDWLR
$OJRULWKPV 6DQ ODWHR &$ 86%$ ORUJDQ .DXIPDQQ 3XEOL\



6SRJ O0: DQG 9LG\DVDJDU O 5RERW '"\QDPLFV DQG &RQ
6RQV 6LQJDSRUH

663& 6WHHO BWUXFWXUHV 3DLQWLQJ &RXQFLO 6DIHW\ |
&RDWLQJV ,QGXVWU\ &KDSWHU

BWLQ\ * * QWURGXFWLRQ WR 6KDSH DQG 6KDSH *UDPP
30DQQLQJ %

BWUDLQVWDOO (QJLQHHULQJ 6HUYLFHV BWUXFWXUDO ,Q
6WUDLQVWDOO

BWXUJHV 5 + 2 6KDXJKQHVV\ . DQG 5HHG 5 * 3§ 6\VWI

&RQFHSWXDO 'HVLJQ %DVHG RQ )XQFWLRQ /RJLF° ,QWHUQD
(QJLQHHULQJ

6\WZHUGD * s8QLIRUP &URVVRYHU LQ *HQHWLF $OJRULW
7KLUG ,QWHUQDWLRQDO &RQIHUHQFH RQ *HQHWLF $0JRUL
ORUJDQ .DXIPDQQ 3XEOLVKHUYV

THFKQLWXEH /WG &RPSDQ\ 3URILOH DQG ,QWURGXFW
7TKRUQEXU\ +LOO ODQH )LUEHFN QU :RUNVRS 6% -1 8.
THQVLRG\QH &RUSRUDWLRQ 7KH )DWLJXH )XVH ORQLWRUL
7TKLHUHQV ' S6HOHFWLRQ 6FKHPHYV (OLWLVW B5HFRPE

,(QWHQVLW\’ URFHHGLQJVY RI WKH 6HYHQWK ,QWHUQDWLI
$OJRULWKPV (DVW /DQVLQJ 00O 86%

7TKLHUHQV ' DQG *ROGEHUJ ' ( S&RQYHUJHQFH ORGHOV
6HOHFWLRQ 6FKHPHV’ ué ,QWHUQDWLRQDO &RQIHUHQFH
IURP 1DWXUH -HUXVDOHP ,VUDHO /IHFWXUH 1RWHYV L
6SULQJHU 9HUODJ

7TKRPSVRQ 7 +DDV & ‘DLOH\ & DQG 7UDYHU % 3¢
$XWRPDWHG 6XUIDFH )LQLVKLQJ 7HFKQRORJLHV ~ 3URFHHC
&RQJUHVV $6&( 6DQ 'LHJR 86%

7LWPDQ 7 - 3,QlUD 5HG 7KHUPDO ,PDJLQJ" 3URFHHGLQJV
TUDFWHO *URXS $FFHVV (JXLSPHQW IRU &RQVWUXFWLRQ
7TUHODZQ\ 3XEOLVKHG 3URGXFW /LWHUDWXUH 7UHODZQ\
9DOOH\ 3DUNZD\ *UHDW 9DOOH\ &RUSRUDWH &HQWUH O0ODOY|
7TUROWYVN\ SBUHVWUHVVHG 6WHHO %ULGJHV 7KHRU\ DQG
800OPDQ ' * 7KH OHFKDQLFDO 'HVLJQ 3URFHVV QG (G 0l
80OPDQ "' * 'LHWWHULFK 7 * DQG 6WDXIIHU [ $ 3$ OR

'HVLIJQ 3URFHVV %DVHG RQ (PSLULFDO 'DWD” $0O ('$0



8QGHUZULWHY /DERUDWRULHV ,QF 8/ 6 XEMHFW
(QFORVXUHV IRU 8VH LQ +D]DUGRXV &ODVVLILHG /RFDWLF

8QLWHG 7THFKQRORJLHYV 37KH 6KLS $506 'HSDLQWLQJ 6\
/ILWHUDWXUH 3UDWW DQG :KLWQH\ :DWHUMHW 6\VWHPV ,Q
$/ 86%

9LGDO 5 HG $SSOLHG 6LPXODWHG $QQHDOLQJ /HFW
ODWKHPDWLFDO 6\WWHPV QR 6SULQJHU 9HUODJ

9RRJG + SOXOWLFULWHULD (YDOXDWLRQ OHDVXUHV 0
5HSO\" (QYLURQPHQW DQG 30DQQLQJ %

':DUV]DZVNL $ ,QGXVWULDOLVDWLRQ DQG 5RERWLFV LG

:DUV]DZVNL $ DQG 1DYRQ 5 S5RERW IRU ,QWHULRU
-RXUQDO RI &RQVWUXFWLRQ (QJLQHHULQJ DQG ODQDJHPHC

'KLWH 30 DQG 3HWWH\ &K & $'RXEOH 6HOHFWLRQ L

URFHHGLQJV RI WKH 6HYHQWK ,OWHUQDWLRQDO &RQIHUH
/IDQVLQJ 00 86%

KLWH 7 6 &ROOLH $$ DQG %LOOLQJIJVOH\ & 3$ 5RE!
ODQ ODFKLQH ,QWHUIDFH IRU 8VH LQ WKH 1XFOHDU ,QGXV
,6$5& 6WXWWJIDUW *HUPDQ\

KLWOH\ '/ 37KH *(1,725 $OJRULWKP DQG 6HOHFWLRQ
EDVHG $ORFDWLRQ RI 5HSURGXFWLYH 7ULDOV LV %HV
&RQIHUHQFRQ *HQHWLF $OJRULWKPV 6DQ ODWHR &$ ¢
3XEOLVKHUYV

KLWOH\ '/ HGLWRU JRXQGDWLRQV RI *HQHWLF $0OJR
86%$ ORUJDQ .DXIPDQQ 3XEOLVKHUYV
X $ 6 /[LQGVD\ 5. DQG 5LROR 5/ S(PSLULFDO 2EVH

RI &URVVRYHU DQG OXWDWLRQ  3URFHHGLQJV RI WKH 6HY
RQ *HQHWLF $OJRULWKPV (DVW /DQVLQJ 00 86$%$

=KDR 0 $QVDUL 1 DQG +RX ( SORELOH ODQLSXODYV
*HQHWLF $OJRULWKP ~ -RXUQDO RI 5RERWLF 6\WWHPV

=KDR / 7VXMLPXUD < DQG *HQ 0 S*HQHWLF $0JRUL
DQG :RUN 6WDWLRQ $VVLIJQPHQW 3UREOHP° -RXUQDO RI
(QJLQHHULQJ

=XPPHUPDQQ O 7UXQLQJHU 5 DQG 6FKZHLW]HU *
6XSSRUWHG ORELOH 30DWIRUP IRU 5RXJK 7HUUDLQ  3UR
BWXWWJIDUW *HUPDQ\

rZior





